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1.0 INTRODUCTION AND GENERAL DISCUSSION 

1.1 I n t r o d u c t i o n  

The Fast  F lux  Test  F a c i l i t y  ( h e r e i n a f t e r  r e f e r r e d  t o  as t h e  FFTF) i s  a sodium- 

cooled f a s t  spectrum experimental r e a c t o r  ownedgby t h e  Federal Government. 

Department o f  Energy has a u t h o r i t y  f o r  t h e  opera t i on  o f  t h e  FFTF and t h e  Department's 

FFTF P r o j e c t  O f f i c e  i n  Richland, Washington i s  respons ib le  f o r  i t s  sa fe  operat ion.  

The Nuclear Regulatory Commission ( h e r e i n a f t e r  r e f e r r e d  t o  as t h e  Commission), upon 

request  o f  t h e  Department o f  Energy, prov ides advice rega rd ing  s a f e t y  issues and 

t h e  adequacy o f  t h e  FFTF design. Th is  i s  i n  accordance w i t h  p r o v i s i o n s  o f  t he  

Energy Research and Development Administration-Commission in teragency agreement f o r  

t h e  performance o f  s a f e t y  reviews f o r  reac to rs  exempt from l i c e n s i n g .  

The 

Advice rega rd ing  the  FFTF was requested by the  Energy Research and Development 

Admin i s t ra t i on ,  now t h e  Department o f  Energy, through t h e  FFTF P r o j e c t  O f f i c e  i n  a 

l e t t e r  dated November 13, 1975, and f u r t h e r  c l a r i f i c a t i o n  was'supplied by a second 

l e t t e r  dated August 20, 1976. 

s a f e t y  e v a l u a t i o n  r e p o r t .  

Both l e t t e r s  a re  i nc luded  i n  Appendix B t o  t h i s  

The na tu re  o f  t he  FFTF s a f e t y  review by the  Commission i s  adv i so ry  o n l y  and does 

n o t  i n v o l v e  the  issuance o f  an opera t i ng  l icense.  The rev iew i s '  d i r e c t e d  t o  evalu- 

a t i n g  t h e  adequacy o f  t h e  design t o  ensure safe ope ra t i on  o f  t h e  p l a n t .  

Department o f  Energy has a d i s c r e t i o n a r y  o p t i o n  o f  f o l l o w i n g  t h e  Commission's 

adv ice and has t h e  f i n a l  r e s p o n s i b i l i t y  f o r  t he  design and safe ope ra t i on  o f  t h e  

FFTF. The Commission has n o t  prov ided inspection-enforcement suppor t  d u r i n g  t h e  

c o n s t r u c t i o n  o f  t h e  FFTF nor  w i l l  i t  be invo lved  i n  i t s  ope ra t i on  under the  e x i s t -  

i n g  in teragency agreement. 

The 

The Commission however does expect t o  be p rov ided  c e r t a i n  acceptance t e s t  informa- 

t i o n  r e p o r t s  i n  severa l  areas i d e n t i f i e d  i n  t h i s  s a f e t y  eva lua t i on  r e p o r t  f o l l o w i n g  

s t a r t u p  o f  t he  f a c i l i t y  s i n c h ' i t s  adv ice i3s p red ica ted  o n ' s a t i s f a c t o r y  complet ion 

o f  c e r t a i n  aspects o f  acceptance ' test ing.  'The FFTF P r o j e c t  O f f i c e  has o n s i t e  

r e s p o n s i b i l i t y  f o r  t h e  s t a r t u p  *acceptance t e s t i n g  a c t i v i t i e s  o f  t h e  FFTF and a l l  

o the r  a c t i v i t i e s  r e l a t i n g  t o  s a f e ' p l a n t  ope ra t i on  as-we1 1 'as supply ing adequate 

s e c u r i t y  and safeguards d u r i n g  p l a n t  operat ion.  

Our s a f e t y  rev iew o f  t h e  FFTF has been r a t h e r  complex i n  t h a t  i t  invo lved  n o t  o n l y  

s p e c i f i c  i n f o r m a t i o n  r e l a t i n g  t o  t h e  FFTF b u t  i nc luded  s u b s t a n t i a l  p o r t i o n s  o f  t h e  

l i q u i d  metal f a s t  breeder r e a c t o r  base technology programs funded by the  Department 

o f  Energy and performed by n a t i o n a l  l a b o r a t o r i e s  and o t h e r  o rgan iza t i ons  under 

~ 

I 
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c o n t r a c t  t o  t h e  Department o f  Energy. D i s c r i m i n a t i o n  between the  l i q u i d  metal f a s t  

breeder r e a c t o r  base research and development program and those d i r e c t l y  r e l a t e d  t o  

the  

the  

( 3 )  

FFTF has n o t  always been c l e a r l y  def ined.  

c o n s t r u c t i o n  stage o f  t h e  FFTF s a f e t y  rev iew are l i s t e d  below: 

Major mi lestones o f  i n t e r e s t  d u r i n g  

S i t e  Safety  Analys is  Report 

P re l im ina ry  Safety  Analys is  Report 

Review Meetings w i t h  S t a f f  (15) 

Received by S t a f f  

I n t e r i m  Construct ion Agreement 

Design Basis  Tornado Decis ion 

Review Meetings w i t h  S t a f f  (4) 

Cont inuat ion o f  Construct ion Agreement 

FFTF Environmental Statement 

Design Safety  Assessment Report 
Review Meetings w i t h  S t a f f  (4) 

Safety  Eva lua t i on  Report 

L im i ted -Cons t ruc t i on  Agreement 

Supplement 1 t o  Safety  Eva lua t i on  

Report 

Supplement 2 t o  Safety  Eva lua t i on  

Report 

Commission L e t t e r  on Operat ing 

Basis  Earthquake 

Advisory Committee on Reactor Safeguards 

L e t t e r  Regarding Balance o f  Cons t ruc t i on  

A p r i l  1970 

September 1970 

November 1970 through 

J u l y  1971 

J u l y  1971 

November 1971 

September 1971 through 

January 1972 

February 1972 

May 1972 

J u l y  1972 
September 1972 through 

January 1973 

October 1972 

May 1973 

December 1974 

March 1975 

A p r i l  1975 

J u l y  1975 

$en Dur ing t h e  c o n s t r u c t i o n  review stage the re  were r-one Advisory Committee on 

Reactor Safeguards meetings and approximately twenty-one Commission s t a f f  meetings 

w i t h  t h e  FFTF P r o j e c t  O f f i c e  and t h e i r  con t rac to rs  t o  d iscuss l i q u i d  metal f a s t  

breeder r e a c t o r  technology and the  FFTF s a f e t y  review. 

Dur ing the  c u r r e n t  F i n a l  Safety  Ana lys i s  Rep3rt rev iew we have h e l d  many a d d i t i o n a l  

t echn ica l  rev iew meetings w i t h  t h e  FFTF P r o j s c t  c o n t r a c t o r s  and have conducted 

severa l  s i t e  h i s i t s  t o  observe a s - b u i l t  systems f o r  implementation o f  design c r i t e r i a .  

I n  a d d i t i o n ,  we have reviewed severa l  hundreb references submi t ted by t h e  P ro jec t .  

Add i t i ona l  supplementary re ferences a re  i d e n t i f i e d  i n  t h e  F i n a l  Safety  Analys is  

Report, n o t  a l l  o f  which were reviewed by tF,e s t a f f .  

references does n o t  imply  concurrence o r  aprlroval o f  them f o r  f u t u r e  l i q u i d  metal 

f a s t  breeder reac to rs ,  i n  a gener ic  sense, b u t  o n l y  a r e c o g n i t i o n  o f  t h e  ex is tence 

o f  some use fu l  r e l e v a n t  i n f o r m a t i o n  c o n t r i b u t i n g  t o  t h e  s a f e t y  rev iew o f  t h e  FFTF, 

i n  t h e  same con tex t  as any o the r  t e x t u a l  reference. 

Our rev iew o f  any o f  these 

I n  p a r t i c u l a r  we d i d  n o t  
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consider  these documents o r  t h e  reference System Design Desc r ip t i ons ,  which are 

used by t h e  FFTF P r o j e c t  as c o n t r o l  documents, because they are sub jec t  t o  r e v i s i o n  

w i t h o u t  t h e  changes being correspondingly  amended i n  the  F i c a l  Safety  Analys is  

Report a t  t he  same,time. ihe amendments and supplements submitted by the FFTF 

P r o j e c t  have been considered as formal changes and form p a r t  o f  t he  F i n a l  Safety  

Analys is  Report and have prov ided the  bas is  o f  our  f i n d i n g s .  I n  a d d i t i o n  t o  the  

s t a f f  review, the ,Adv iso ry  Committee on Keactor Safeguards i s  rev iewing the FFTF 

and w i l l  meet w i t h  the  FFTF Pro jec t ,  t h e i r  con t rac to rs ,  and the  Commission s t a f f  t o  

discuss t h e  f i n a l  design and s t a r t u p  p lans f o r  t he  f a c i l i t y .  

Committee on Reac;tor Safeguards' Report t o  t he  Commission w i l l  be prov ided t o  the  

Department o f  Energy FFTF P r o j e c t  O f f i c e .  

I 

A copy o f  t he  Advisory 

The FFTF Environmental Statement, WASH-1510, dated May 1972, prepared by the  Atomic 

Energy Commission (now t h e  Department of Energy) was n o t  updated f o r  the F i n a l  

Safety  Analys is  Report. 

Our rev iew o b j e c t i v e  has been t o  p rov ide  an in-depth techn ica l  rev iew o f  t he  design 

o f  t he  FFTF comparable t o  t h a t  o f  a l i censed  p l a n t .  S i t e - r e l a t e d  mat ters  were con- 

s ide red  t o  have been adequately reviewed du r ing  t h e  const ruct ion-phase and were no t  

re-reviewed. 

t h e  f o l l o w i n g  areas: 

An in-depth rev iew was n o t  requested b u t  comments were s o l i c i t e d  i n  

(1) Operations 

(2) S ta r tup  t e s t i n g  

(3) Q u a l i t y  assurance 

(4)  Technical S p e c i f i c a t i o n s  

The scope o f  t h e  rev iew requfsted was de f i ned  by l e t t e r  from R.  L. Ferguson t o  

R. P. Denise dated Augysqt.20, 1976. 

l e t t e r  o f  J u l y  14, 1977, from R. L. Ferguson t o  R. P .  Denise, adv i s ing  us t h a t  i t  

was n o t  necessary f o r  us t o  rev iew the  FFTF safeguards and s e c u r i t y  p rov i s ions .  We 

responded i n  a January 17, 1978 l e t t e r ,  R. P. De 

t h a t  t h e  s t a f f  w i l l  proceed w i th  t h e  e v a l u a t i  

ma t te r  i n  i t s  review. T f o r e  s ince we have n o t  i nc luded  t h e  FFTF safeguards 

and s e c u r i t y  p rov i s ions  

t h e i r  e f fec t i veness  compared t o  those o f  l i censed  f a c i l i t i e s ,  nor  a re  we ab le  

t o  reach any conclus ion on t h e  completeness o r  adequacy o f  the:G$luatjonZ performed 

by t h e  Department of  Energy,and ! t s  con t rac to rs .  Both t h e  P r o j e c t ' s  and t h e  s t a f f ' s  

l e t t e r s  a re  i nc luded  i n  Appendix B t o  t h i s  r e p o r t .  

t h a t  we de fe r  t he  rev iew o f  t h e  c losed loops s ince  t h e i r  design was incomplete. We 

w i l l  address t h i s  sub jec t  i n  a f u t u r e  supplement. 

The scope o f  t he  rev iew was l a t e r  mod i f i ed  by 
I > <  

I >. 

. . L-. Ferguson, conf i r m i  ng 

e -FFTF- d i t h o u t  - i n c l u d i n g  t h i s  
,- 2 -  

I^ 

u r  review, we a re  unable t o  reach b y - c o n c l u s i o n s  regard ing 

* _  3 .  8 

I n  June 1 9 7 8 , , i t  was agreed 

Our rev iew reasLessed those problem areas i d e n t i f i e d  d u r i n g  t h e  i n i t i a l  rev iew  i n  

t h e  Sa fe ty  Eva lua t i on  Report dated October 31, 1972, Supplement 1 dated 

December 13, 1974, and Supplement 2 dated March 7, 1975. 
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FFTF DESIGN CHARACTERISTICS 

I 

HEAT TRANSPORT SYSTEM INITI. PL* 
(3  PRIMARY LOOPS) -- 3 + OPERATION RATED CONDITIONS 

, 
PLANT' POWER 400 MWt ' 400 MWt 

858OF ' 1050°F' ' 

REACTOR I N L E T  TEMP. 6OO0F 

FUEL SUBASSEMBLY OUTLET 

' REACTOR OUTLET TEMP. 
792OF 

1 -  

900'F ' 11 OO°F 

3OO0F 308OF AT-CORE ' 1 

AT-REACTOR 258OF 258°F 

IHX- LMTD 

DHX MODULES 

SODIUM SYSTEMS COVER GAS ARGON 

TEMP. 

85OF 85OF 

12 @ 33 MW 
f 12'@ 33 Mw 

' ' I  41,000 GPM 42,730 GPM TOTAL COOLANT FLOW 

IL  STEEL CONTAINMENT BUILDING 

SHELL MATERIAL, SHAPE SA-516, GRADE 60 STEEL CYLINDER, 

ELLIPSOIDAL HEAD 

SHELL S I Z E  

CORE ARRANGEMENT 

135 FT. DIAMETER x 1 8 7  FT. HIGH 

VERTICAL, 91 LATTICE POSITIONS WITH 73 
DRIVER FUEL SUBASSEMBLIES I N  HEXAGONAL ARRAY 

SUBASSEMBLY LENGTH 

FUEL P I N  LENGTH 

12 F1. OVERALL, 3 FT. FUEL 

95 INCHES (FUEL & AXIAL  b lanket)  

22-26 VOLUME % Pu02 - 72-78 VOLUME % U02 
-1 FUEL COMPOSITION 

FUEL TARGET' BURNUP 

CAPABILITY FOR I~NSTRUMENTED 

45,000 MWD~TONNE AVERAGE 

IN-CORE OPEN TEST POSITIONS 8 
4 

I N I T I A L  FLUX 7 x 1 0 1 5  n/cm*/sec 

3 1 1  

CLOSED LOOPS 

NUMBER ' 2 GENERAL PURPOSE - 2 Mwt ( e a c h )  

i I $ 1  

I ,  
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1.2  

The more convent ional  p o r t i o n s  o f  t he  f a c i l i t y  have been"reviewed as w e l l  as t h e  

r e a c t o r  and h e a t ' t r a n s p o r t  system and a re  covered i n  . th is  r e p o r t  except f o r  t he  

f i r e ' h a z a r d  evaluation,-)documentation f o r  which was submitted l a t e  and which w i l l  
be addressed i n  a sup"p1ement. 

The o rgan iza t i on  o f - t h i s  r e p o r t  f o l l o w s  the  p a t t e r n  es tab l i shed  by the  Standard 

Format and StandardtReview Plan i n s o f a r  as p r a c t i c a l  r a t h e r  than the  F i n a l  Safety  

Analys is  Report submitted by the  P ro jec t .  

Sodjum f i r e s  a re  addressed i n  t h i s  r e p o r t .  
i I \  t 

General P l a n t  Descript' ion- 
I '  

The major f a c i l i t y  s t r u c t u r e s  i n  the  FFTF a re  f r e e  s tanding and cons t ruc ted  o f  

c o i c r e t e  and s t e e l .  The 'containment s t r u c t u r e  i s  a, s t e e l  s h e l l  i n s u l a t e d  above 

ground and embedded i n  concrete below ground. Adjacent c'oncrete s t r u c t u r e s  house 

t h e  c o n t r o l  room, a u x i l i a r y - s e r v i c e s ,  d i e s e l  generators and the  r a d i o a c t i v e  waste 

system. 

subst ructures.  

The heat r e j e c t i o n  systems are p r i m a r i l y  cons t ruc ted  o f  s t e e l  w i t h  concrete 

i 

The Fast  F lux  T e s t . F a c i l i t y  i s ,  designed f o r  t he  p u r p o s e l o f + t e s t i n g  f u e l s  and m a t e r i a l s  

i n  a f a s t  neutron f l u x  environment o f  7 x l O I 5  n/cm /sec. An a d d i t i o n a l  s t a t e d  

f u n c t i o n  o f  t he  FFTF.is t o  p rov ide  base technology f o r  advanced r e a c t o r  concepts. 

The r e a c t o r  system design in'cludes p r o v i s i o n  f o r  two in -co re  c losed loops, w i t h  

space f o r  two more, and inc ludes  f o u r  addi t ionalk iopen t e s t  p o s i t i o n s  w i t h i n  the  

core ma t r i x .  The design re-fei-ence core has 73 d r i v e r  f u e l  subassemblies. The 

p l a n t  power i s  400*MWt ' inc lud ing pump powei-. 

p lu ton ium and uranium%oxides: The' r e a c t o r  power i s  regu la ted ' th rough  the  use o f  t h ree  

pr imary and s i x  secondary c o n t r o l  rods o f  B4C. 

i n i t i a t e  r e a c t o r  shutdown! 

even w i t h  the  h ighes t  wor th r o d  f a i 1 i n g ) t o  i nse r t :  
f l o w  t o  match power' and ma in ta in  an e s s e n t i a l l y  cons tan t  c o r e  AT w i t h  power 

v a r i a t i o n s .  

separated to -  provi'de 'independeht a i d  redundant shut"dwn'cjystems. 

mechanical dr ives 'o ' f  , a lV  control '>-rods a re  bi'denti'cal so that**'the"goal o f - t r u e  

2 

The d r i v e r  f u e l  i s  composed o f  mixed 
' 

E i t h e r  group o f  c o n t r o l  rods can 

The pr imary shutdown system w i l l  per form i t s  f unc t i ons  

Var iab le  speed pumps a d j u s t  

The two r e a c t l v i t y J  shirtdown, systems a re  mechanica l ly  and e l e c t r i c a l l y  

However, t he  
8 

t quite- 'achieved. -.The common mode'ifail'tfre p o t e n t i a l  has been m i n i -  

i f e t c y c l e s .  o f  t e s t i n g  o ' f ' con t ro l  rodtdriv-es ,and componen'ts' i n  a 

s imu la ted ]  sodium environment'at ope ra t i ng  tkmperature to-Simulate-  ac tua l  i n  r e a c t o r  

operation: c * 

The r e a c t o r  c o o l a n t ' i s  < l i q u i d  s'odium c i k u l a t e d  :in' ithree p a r a l l e l '  p i p e  -1'oops common 

t o  the  reactorJvesse1.- The. reac to r i l sys te  r a t e d  temperatures a re  - 7 9 2 O F  i 'nlet and 

1050oF'out le t .  Heat energy i s  t r a n s f e r r e  from the-pr imary:  s o d i h  co'olant system 

This  system, i ' s ' a l  so 'a"p iped4oop syst'em-wi t h  th ree  

p a r a l l e l  loops t h a t  r e j e c t  t h e i r  heat  t o  the,atmosphere vi'a the dump heat  exchangers. 

The a i r  atmosphere i s  t h e $ u l t i m a t e  hea t "s ink  f o r  t h e  FFTFAreactor and commercial 

e l e c t r i c  power i s  n o t  produced b y ' t h e  f a c i l i t y . '  The two c losed t e s t  loops t o  be 

i n s t a l l e d  i n i t i a l l y  w i l l  operate i n  p a r a l l e l  w i t h  the  r e a c t o r  heat  t r a n s f e r  system 

=, (1 ,, c - , * ~ i  La:< ,. . . i ;~ tz  ' ! E  s i c .  *it. - * r  

I 

I t o &  a seckndaryzsodium-asystem. 
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ou t  tne  sodium w i th in , the  two systems I S  n o t  in termixed.  A l l  sodium heat t r a n s f e r  

loops,removing energy from t h e , r e a c t o \ *  a re  s e i s m i c a l l y  designed Category 1 f o r  t he  

safe shutdown ear$hquake,,but only- the. eas t  secondary sodium main-heat t r a n s f e r  

system loop t i s  tornado.,hardened aga ins t  m i s s i l e s .  . The o t h e r  two s-econdary sodium 

loops are a t  a low e l e v a t i o n  and are she l te red  by p i p e  tunnels  most ly  below ground. 

This  cphysical+arrangement redgces th2  ,expos,ure t o  tornado miss i les. , ,  The l i k e l i h o o d  

o f  sodium p i p e  p e n e t r a t i o n  by m iss i l es -  i s  thereby reduced. 

t o  the  s i t e  from two o f f s i t e  t ransmiss ion l i n e s .  

I 

E l e c t r i c  power i s  f e d  

I n  the  event o f  f a i l u r e  o f  t he  o f f s i t e  power systems, d iese l  generators a re  pro-  

v ided on s i t e  t o  \ ca r ry  on l y  those loads necessary t o  minimize economic damage t o  

the f a c i l i t y .  

a v a i l * a b i l i t y  o f  o f f s i t e  ppwer. The, d fese l  generators are intended on)y t o  augment 

oriback up the  o f f s i t e  power sources and, a l though c a l l e d  emergency d iese l  genera- 

t o r s ,  a re  n o t  q u a l i f - i e d  as such. 

feature by the  P r o j e c t  and a re  n o t  tornado hardened. 

both sources o f  o f f s i t e  power, t he  emergency d i e s e l  generators would operate pony 

motors t o  p rov ide  an adequate l e v e l  o f  f o rced  convect ion sodium f l o w  i n  bo th  t h e  
pr imary and secondary coo lan t  systems t o  remove decay heat. 

The P r o j e c t  has deemed t h e  concurrent  loss o f  a l l  AC power f o r  an i n d e f i n i t e  

p e r i o d  t o  be ext remely u n l i k e l y ,  and an acceptable r i s k .  

a1 1 AC power, t h e  s a f e t y  power system (battery/DC i n v e r t o r )  suppl ies i n i t i a l  

ins t rument  pnd  c o n t r o l  f u n c t i o n  power f o r  f i f t e e n  minutes, un loading pneumatic 

va lve ac tua to rs  and motor operated valves f o r  containment i s o l a t i o - n  and a c o n t r o l l e d  

shutdown, and. then prov ides e s s e n t i a l  p l a n t  mon i to r i ng  func t i ons  f o r  a p e r i o d  o f  

one week. Natura l  c i r c u l a t i o n  o f  sodium, monitored by inst ruments powered 

by t h e  DC I E  e l e c t r i c  system, would-be r e l i e d  upon f o r  u l t i m a t e  decay, heat  removal 

i n  t h e  event o f  l'oss o f  a l l  o f f s i t e  arid o n s i t e  AC e l e c t r i c a l  power. Tests t o  

demonstrate the  adequacy o f  n a t u r a l  c i r c u l a t i o n  ( f o r  u l t i m a t e  decay heat  removal have 

been proposed by the  P r o j e c t  and are discussed i n  Sect ion 14.2 of, t h i s  repo r t .  The 

removal o f  decay heat  by n a t u r a l  c i r c u l a t i o n  would prevent  l oss  o f  coo lab le  core 

geometry due t o  accumulated heat. 

s a f e t y  would t h e r e f o r e  n o t  be jeopard ized by a re lease o f  r a d i o a c t i v i t y  from such a 

sequence o f  events.. The one-week p e r i o d  d u r i n g  which the  p l a n t  can be monitored by 

inst ruments powered by t h e  DC I E  e l e c t r i c  system i s  in tended ,.to p rov jde  t ime t o  re -  

e s t a b l i s h  an AC power system, us ing  temporary l i n e s  o r  mobi le  u n i t s  i f  necessary. 

The d i e s e l  generators normal ly  s t a r t  s e q u e n t i a l l y  depending on t h e  

dhey are n o t  regarded as an engineered s a f e t y  

Normally, w i t h  loss o f  

, 8  

I n  t h e  event o f  loss o f  

Wi thout  r e q u i r i n g  pony motor pump power p u b l i c  

.The reactor ,  v,essel and pr imary heat  t r a n s p o r t  loops a re  l oca ted  i n  the  containment 

b u i  1 d i n g  i n  independent , concrete, b i o l o g i c a l  l y - sh ie lded ,  s t e e l  - 7 i ned  , c e l l  s , with a 
n i t r o g e n  (<2% oxygen) atmosphere t o  i n h i b i t  sodium f i r e s .  The-reactor  containment 

,concept i s  a .low pressure-open t ype  o f  s t e e l  s h e l l  containment. That i s ,  heated 

a i r  i s  exhausted by t h e  hea t ing  and v e n t l l a t t n g  system through t h e  containment 

b u i l d i n g  t o  the  ou ts ide  a i r  atmosphere a long w i t h  very low l e v e l s  o f  gaseous rad io -  

a c t i v i t y  from t h f  containment b u i l d i n g  t h a t  has escaped through equipment seals  

1-6 



d u r i n g  normal r e a c t o r  operat ion.  

s i t u a t i o n s  by high. r a d i a t i o n  d e t e c t i o n  s igna ls  ad jacent  t o  the  ducts o f  t he  conta in-  

double va l ve  c l o s u r e  i n  t h e ' h e a t i n g  and v e n t i l a t i n g  exhaust 'duct  and' i s  accomplished 

b e f o r e '  t he  r a d i o a c t i 4 e  

The containment bu i ' l d ing  i s  i s o l a t e d  i n  acc ident  

' ment b u i l d i n g  atmosphere.venti ' lat ion system. 1sd.lat ion o f  .containment i nvo l ves  
. - . V I _  < I  - ' 

. .  . .  . .  
i n ' t h e  duc t  reaches 'the containment ' i s o l a t i o n  va lves.  

' i s  'provided' by t h i e e  insvessel ' f u e l  handl ing machines, 

, * '  'L ,  , ( 1  , . , ? I , , "  . . ,  
I 8  

;i ,. . 

I , . ,  > . -  , *  

' Normal d r i v e r  f u e l ' h a n d  

' located w i t h i n  the"rea 'c tor  'vessel and below the  reac 

f u l l y  immersed i n  sodium d u r i n g  the  f u e l  t r a n s f e r  ope$atio%'from a core p o s i t i o n  t o  

an in-vessel  s torage p o s i t i o n  where i t  i s  i n s e r t e d  i n t o  component storage po ts  

immersed i n  sodfumr From '&ere, by'means o f  a' c losed  loop ex-ves je l  machine the  

iohpbnent ; to fage ' .pot i  con 

to rage  &<scii- s t i  11 ' p o t  fu1' l"of sodi'um.' - .C lo 
.z'% . 

open ' t e s t  assembl-i.is a r e - t r a r i s f e r r b d  d i r e c t l y  t o  and from" 

cl'osed loop 'ex-'vessel 

remove the  decayed f u e l  'efem6nts from the  i n t e r i m  decay storage v-esse1 and t r a n s f e r  

them ou ts ide  o f  t h e  containment f o r  examination o r  t o  a 'cask f o r  shipment. 

-v:ss-el head. The f u e l  i s  

~ . _ .  - ~ 

_ _  
g t h e  ' f u e l  elements ' a re  t r a n s f e r r e d  t o  an i n t e r i m  

: ; .~ . 
l oop  and instrumented 

-pos i t ions by the  
I - ,  _ . .  ., 

.., . : , -  
dlin'drmachine. A bot tom loadqng " t r ' k f e r  cask i s  used t o  

. . I  . . , .  . .. , . 

The FFTF r e a c t o r  operate; widh a'n argon cover gas over t h e ' l i q u i d  sodium sur face a t  

a pressure o f  l ess  than one ps ib .  

t he  l i q u i d  sur face i n  t h e  p r imary  soklikm pumps as w e l l  d s  'in t h e  r e a c t o r  vessel 

through in te rconnec t ing  p i p i n g .  

t h e  pressure between t h e  m u l t i p l e  sodium surfaces. 

t he  r e a c t o r  coolant" sy i tem i s  mainta ined by means of an ovrerflow tank and two 

e lect romagnet ic  pumps. 

means o f  t h i s  ove r f l ow  pump system compensating f o r  sodium 'volume changes due t o  

temperature change. 

Oxygen c o n t r b l  o f  th; sodium i n  t h e  r e a c t o r  coo lan t  system i s  m a i n t i i n e d  by means 
o f  c o l d  t raps .  

sodium t o  minimize co r ros ion  o f  s t e  

The argon cover gas p u r i t y  i s  ma in ta i  process ing system. 

Reprocessed argon cover gas i s  a l s o  u 

The argon gas communicates t o  the  space above 
.r 4 

The gas spaces a re  a l l  in terconnected t o  balance 

Sodium volume c o n t r o l  w i t h i n  

A constant  l e v e l  i s  mainta ined i n  t h e  r e a c t o r  vessel by 

,.- . I , p r  c 
The c o l i  t r a p s  m2int:i;a low oxygeh ;*bncerkrat"ion i n  the  l i q u i d  
, '  t -  - r  

e*< *at e l  evat'ed temce , .  . <- ,, I - < - < &  7 C '  ' ( 1  * I  " ' "  ,'c - 

I " -  

< * <  . I .  

tornado-miss' i le protect-<d by i t s  l o c a t i o n .  

s t o r e d  and then  ' f r anspor ted  o f f s i t e  a t  a c o i v  

wastes a re  h e l d  up foi'deca; and subsequently re leased t o  t h e  athosphere. 

des ign o f  t h e  FFTF i s  based on a 20-year l i f e  expectancy. 

Radioact ive l i q u i d  wastes are g e n e r a l l y  
* -  , f  

i e n t  t i d e  a i d  low l e v e l  gaseous 

The 
' r - ,  7 
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1.3 

1.4 

, 

I n t e r a c t i o n s  a t  t h e  S i t e  

I I . ' I ) ,  
I '  1 .  

F a c i l i t i e s  o f  i n t e r e s t  i n , p r o x i m i t y  t o  t h e  I I  FFTF ,are t h e  th ree  Washington Pub l i c  

Power Supply System (WPPSS) Nuclear ProjecA P lan ts  t o  be !laced i n , o p e r a t i o n  i n  

water r e a c t o r ,  Docket No. 50-460; WPPSS No. 2, a 1100 N e  b o i l i n g  water r e a c t o r ,  

Docket NU. 50-379; and WPPSS No. 4, a 1218 ,We p ressu r i zed  water reac to r ,  Docket 

No. 50-513. These t h r e e  p l a n t s  a re  approximately th ree  m i les  nor th-nor theast  o f  

t he  FFTF, wi,th WPPSS No. 2 be ing t,he closes,t. 

The Department o f  Energy i s  proposing a l s o  t o  cons t ruc t  a h igh  performance f u e l  

l abo ra to ry  approximately 1/4 m i l e  west o f  t h e  FFTF. . The d r a f t  environmental s t a t e -  

ment f o r  t h i s  f u e l  f a c i l i t y  i s  Report Number ERDA-1550-0, dated September 1976. 

The s t a t e d  o b j e c t i v e  f o r  t h i s  f a c i l i t y  i s  t o  f a b r i c a t e  t e i t  f u e l  ass'emblies f o r  t h e  

FFTF from powdered f u e l .  It ,is our  understanding t h a t  f u e l  reprocess ing i s  n o t  

contemplated a t  t h i s  faci l i ty,. ,  

c u r r e n t l y  under cons t ruc t i on .  

' the  eay ly  1980s: These p l a n t s  a re  as fo1;lpws: WPPSS No. 1, a 1218 MWe f .  p y s s u r i z e d  

-, L < 

The f a c i l i t y  i s  i n  t h e  p lann ing  stage, and n o t  

The th ree  WPPSS power p l a n t s  w i l l  meet Commission requirements f o r  l i censed  l i g h t  

water  power reactor?. 

rega rd ing  p l a n t  operat ions.  WPPSS NO. 2 h a s , s p e c i f i e d  an exc lus ion  rad ius  o f  1.2 

m i l e s  and a, low popu la t i on  zone o f  3 mi les.  

acc ident ,  doses would n o t  exceed t h e  values o f  10 CFR P a r t  100. 

t he  low popu la t i on  zone doses were c a l c u l a t e d  f o r  a 30-day p e r i o d  t o  be 160 rem t o  

t h e  t h y r o i d  and 10 rem t q t h e  whole body. 

doses were c a l c u l a t e d  t o  be 82 rem t h y r o i d  and 9.2 rem whole body. It i s  b e l i e v e d  

t h a t  r a d i o l o g i c a l  re leases from t h e  FFTF, i n  t h e  event o f  a p o s t u l a t e d  core 

d i s r u p t i v e  acc ident ,  would n o t  l i k e l y  a f f e c t  p u b l i c  s a f e t y  o r  compromise the  s a f e t y  

o f  t h e  th ree  WPPSS power p l a n t s .  Only a combined sequence o f  low p r o b a b i l i t y  events 

l ead ing  t o  loss o f  p o s t  acc iden t  heat  removal o r  core meltdown, w i t h  r e a c t o r  c a v i t y  

s t e e l  l i n e r  ' f a i l u r e , .  appears t o  be a p o t e n t i a l  chal lenge t o  t h e  FFTF containment. 

Th i s  sub jec t  i s  more f u l l y  discussed i n  Sect ion 15.3.6 o f  t h i s  r e p o r t .  

Agreements e x i s t  hetween WPPSS and the  Department o f  Energy 

I n , t h e  event o f  a l oss -o f - coo lan t  
1 -  

A t  t h e  boundary o f  

For  WPPSS Nos. 1 and 4 s i m i l a r l y ,  t he  

3 

- 1  

Experience w i t h  S i m i l a r  F a c i l i t i e s  

1' I 

I n  t h e  f o l l o w i n g  d i scuss ion  we w i l l - compare  some FFTF design parameters w i t h  cor-  

responding parameters o f  s i m i l a r  rea5 to rs  i n  o rde r  t o  g a i n  an a p p r e c i a t i o n ' o f  i t s  

s i m i l a r i t y  t o  e x i s t i n g  l i q u i d  metal f a c i l i t i e s .  

general f e a t y r e s  o f  t h e  FFTF s a f e t y  requirements. 

The pu~-pos$,for t h e  development and t h e  c o n s t r u c t i o n  o f  t h e  FFTF i s  t h e  t e s t i n g  o f  
nuc lear  f u e l s  and m a t e r i a l s  i n  a f a s t  f l u x  environment and t h e  development o f  base 

l i q u i d  meta l  f a s t  b reeder  r e a c t o r  technology. 

spectrumflare t h e  p r imary  parameters o f  t h e  r e a c t o r  design coupled, o f  course, w i t h  

s a f e t y  o f  operat ion.  

I n  a d d i t i o n  we w i l l  examine t h e  

I( 'i 

. .  
As such, the neutron ;lux and i t s  

8 ,  . I  

, c  

For puiposes o f  m a t e r i a l  and ' f u e l  t e s t i n g  and exper imentat ion 

i 
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. . . . . . . .. . . . . . . . . . . . 

t h e  r e a c t o r  system inc ludes two c losed loops and f o u r  open t e s t  p o s i t i o n s  w i t h i n  

the  core ma t r i x .  

c losed loops and o the r  ex te rna l  equipment f o r  f u e l  handl ing,  exper imentat ion and 

suppor t ing a c t i v i t i e s  are e s s e n t i a l  t o  c o l l e c t  experimental data. 

A c c e s s i b i l i t y  and i n s p e c t a b i l i t y  o f  t he  inst rument  s t a l k s  on the  

Because the  requirements o f  t h e  neutron f l u x ,  t h e  neutron spectrum and the  space 

f o r  i r r a d i a t i o n  and t e s t i n g  d i c t a t e d  t h e  core design parameters, i t  i s  o f  i n t e r e s t  

t o  assess t h e  r e s u l t a n t  design i n  comparison t o  the  bounds o f  e x i s t i n g  technology. 

Table 1.4-1 compares some o f  t he  FFTF design parameters w i t h  l i q u i d  metal f a s t  

breeder reac to rs  b u i l t  and operated i n  t h e  Un i ted  States. 

m ix tu re  f o r  t he  f u e l  p e l l e t  m a t e r i a l  i s  t h e  technology where t h e  b u l k  o f  t he  experience 

w i t h  f u e l  m a t e r i a l  p r o p e r t i e s  and f a b r i c a t i o n  e x i s t s .  The maximum f u e l  temperature, 

t h e  average power dens i t y ,  t h e  coo lan t  mean o u t l e t  temperature, e t c .  are w i t h i n  

e x i s t i n g  design technology l i m i t s .  

e x i s t s  s i g n i f i c a n t  experience from f o r e i g n  reactors .  

design parameters o f  e x i s t i n g  and planned f o r e i g n  l i q u i d  metal f a s t  breeder reac to rs  

t o  those o f  t h e  FFTF. An overview o f  Tables 1.4-1 and 1.4-2 suggests two major 

va r ian ts :  (1) core s i z e  as i t  r e l a t e s  t o  s a f e t y  and (2) t he  loop vs pool  choice o f  

r e a c t o r  coo lan t  system arrangement. The f i r s t  i s  i n t i m a t e l y  r e l a t e d  t o  the core 

s a f e t y  c h a r a c t e r i s t i c s  and i s  examined i n  d e t a i l  elsewhere i n  t h i s  repo r t .  We have 

assessed t h e  m e r i t s  o f  a lbop t ype  f a s t  r e a c t o r  e s p e c i a l l y  i n  view o f  t h e  op in ion  

o f  p a r t  o f  t h e  t e c h n i c a l  community t h a t  a pool t ype  arrangement has some s a f e t y  

advantages over the  loop type.  B r i e f l y ,  i n  the  pool  arrangement t h e  f a s t  r e a c t o r  

core and t h e  pr imary coo lan t  l oop  equipment (pumps and in te rmed ia te  heat exchangers) 

a re  conta ined w i t h i n  a l a r g e  tank which i s  f i l l e d  w i t h  sodium. 

t h e  r e a c t o r  core i s  conta ined w i t h i n  a r e l a t i v e l y  small  r e a c t o r  vessel w h i l e  pr imary 

coo lan t  l oop  equipment i s  l oca ted  ex te rna l  t o  t h e  vessel. The vessel conta ins 

r e l a t i v e l y  small  amounts o f  sodium. The pool  t ype  r e a c t o r  has a g r e a t e r  a b i l i t y  i n  

the  pr imary system tot absorb temperature t r a n s i e n t s  and decay heat  due t o  the  l a r g e  
heat  capaci ty .  Because l a r g e  amounts o f  sodium surroi ind t h e  core con ta ine r  w i t h  

a l l  components l oca ted  i n  one vessel i t  i s  v i r t u a l l y  impossib le  t o  l ose  t h e  core 

coolant .  

b u t  does n o t  uncover t h e  core. However, t h e  l oop  t ype  o f f e r s  g rea te r  a c c e s s i b i l i t y  

f o r  maintenance o f  ex te rna l  equipment and f o r  f u e l  hand l i ng  and experimental f ea tu res  

such as c losed loops. 

o b j e c t i v e s  o f  t h e  FFTF. 

The choice o f  t h e  Pu02-U02 

I n  a d d i t i o n  t o  t h e  domestic experience the re  

Table 1.4-2 compares some 

I n  t h e  l oop  system 

A l e a k  i n  t h e  p r imary  p i p i n g  system in t roduces sodium t o  the  r e s e r v o i r ,  

Ease and f a c i l i t y  o f  exper imentat ion a r e  among t h e  pr imary 

Our rev iew o f  t he  r e l a t i v e  m e r i t s  .of t h e  pool  vs .the loop as f a r  as s a f e t y  i s  

concerned f o r  t h  

f o r  e i t h e r  t ype  o$*concept. 

l i m i t e d  to EBR-II.-which i's o n l y  62.5 MWt w i t h  m e t a l l i c  f u e l  pi>ns. 

hand t h e r e  e x i s t s - w i d e r  experience i n  t h e  U n i t e d  'States rega rd ing  loop t ype  reac to rs .  

C l i r k h  R ive r  Breeder Reactor f a i l e d  t o  i n d i c a t e  a c l e a r  advantage 
'? 

I n  .addi t ion,  t h e  domestic pool  t ype  experience i s  ,. 
On t h e  o the r  

L 
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Design Therma+ Power, M W t  

COMPARISON OF LIQUID METAL FAST BREEDER REACTORS 
I N  THE UNITED STATES ' , 

Primary System Type 

Fuel Type 

Eauiva lent  Core Diameter, cm 

A r t i v e  Core Height ,  cm 

Kilograms o f  Heavy Metal 

Plutonium Mass, kg . 

Average Power Densi ty ,  MWt / l i t e r  

Average L inea r  Power, K W t / f t  

Peak L inea r  Power, K W t / f t  

Core Bu lk  I n l e t  Temperature, O F  

Core Bu lk  O u t l e t  Temperature, O F  

TABLE 1.4-1 

FFTF Fermi I 

400 

Loop 

Oxide 

120 

92 

2,520 

600 

0.37 

7.35 

14.1 

830* 

1,100" 

Loop 

Metal 1 i c  

78 

78 

1,940 

- - -_  

0.46 

5.35 

9.05 

550 

822 

SEFOR 

- 20 

" Loop'. 

83 -. 

Oxide 

86 

2,120 

395 

0.034 

12.3 

20.8 

700 

820 

, -  

EBR- I I 

62.5 

Pool 

Metal 1 i c  

- 4 8 -  . 
36 

385 

- - - -  

0.735 

12.3 

18.6' 

700 

900 



TABLE 1.4-1 (Continued) 

Maximum Clad Surface Temp., OF(') 

Maximum Fuel Temperature, OF(') 

Sa fe ty  Rod Worth, $ 

T o t a l  Movable Rod Worth, $ 

Maximum'Posritive'Na Void React 

1 i\ 

FFTF 

1,315 

4,650 

- Fermi I 

1,139 

1,209 

(1) '  Inc ludes H o t  Spot and Hot Channel Factors  
(2) Based.on F ig.  3-10, FFTF PSAR, .b,= .003 
(3) 
(*) 

Core-A' l i m i t a t i o n ;  U l t i m a t e  Design C a p a b i l i t y  i k  430 MWt .  
I n i t i a l  ope ra t i on  r e v i s e d  3-21777 t o  68OoF i n l e t  - 93O0F mix mean o u t l e t  (design -, 

4 c o n d i t i o n s  shown i n  Table). I 
I 

\ 

SEFOR 

1,000 

4,550 

11 

.28 

EBR- I I 

1,086 

1,271 

2 

, 7.5 

. ,  ---- 



Design Thermal Power, MWt 

Primary System Type 

Fuel 

Equ iva len t  Core Diameter, i n  

Core Height ,  i n  (Fuel/Assy) 

Power Dens i t y  Average, K W t / l i t e r  

L inea r  Power K W t / f t  

(Fuel/Bl anket) I 

Average 

Maximum 

d 

I 

N 
d 

Fuel Pin OD, i n  

Reactor Mix  Mean .Out le t  
Temperature, O F  

Fuel P i n  M a t e r i a l  
. 

FFTF 

400 

- 

Loop 

Pu02-U02 

47. URef  

36.0/ 

390 

7.35 

14.1 

.23 

1050 

316SS 

TABLE 1.4-2 

FOREIGN REACTOR COMPARISON TO FFTF 

PHENIX SUPER PHENIX 

567 2900 

Pool Pool 

Pu02-U02 Pu02-U02 . 

54.9/74 138/744 

33.5/169 39.4/216 

406 275 

7.9 13.7 

& 
600 

Pool 

Pu02-U02 

- 

361 

- 

8.3 

. 14.0 . :I 13.1 16.4, 

.26 .341 .23 

1026 1004 1044 

316SS - - 

SNR 300 

736 

Loop 

Pu02-U02 

37.4/ 

- 

11.3 

14.0 

.236 

1015 
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I n  summary: 

ence e x i s t s  i n  t h e  Un i ted  States and (2) t h e  choice o f  t he  l oop  t ype  o f  arrangement 

seems more reasonabl'e f o r  a t e s t  r e a c t o r  l i k e  the  FFTF because, w h i l e  t h e  pool  t ype  

might  enhance sa fe ty ,  i t  would n o t  a l l o w  f l e x i b i l i t y  f o r  exper imentat ion and accessi- 

b i l i t y  which a re  e s s e n t i a l  t e s t  reac to r  ob jec t i ves .  

(1) t h e  FFTF r e a c t o r  i s  a t ype  f o r  which design and opera t i on  exper i -  

1.5 I d e n t i f i c a t i o n  o f  Agents and Contractors  

The FFTF i s  a United' States Government owned r e a c t o r  f a l l i n g  under t h e  admin is t ra-  

t i o n  o f  t h e  Department o f  Energy, f o rmer l y  t h e  U.S. Energy Research and Development 

Admin i s t ra t i on .  

t h e  FFTF c o n t r a c t  w i t h  t h e  Hanford Engineering Development Laboratory 'operated by 

t h e  Westinghouse Hanford Company, sa- subs id ia ry  o f  t h e  Westinghouse' E l e c t r i c  Corporat ion,  

which'by c o n t r a c t  has- o v e r a l l  design and opera t i on  respo-ns ib i l i t y  f o r  t h e  FFTF. 

Contracts  e x i s t  with- the '  Department o f  Energy and var ious n a t i o n a l  l a b o r a t o r i e s  

(Argonne Nat ional  Laboratory, Oak Ridge Na t iona l  Laboratory, Los Alamos S c i e n t i f i c  

Laboratory) t o  p rov ide  l i q u i d  metal f a s t  breeder r e a c t o r  base technology, and w i t h  

p r i v a t e  i n d u s t r y  such as t h e  Bechtel Corporat ion,  Atomics I n t e r n a t i o n a l  and A e r o j e t  

General t o  p rov ide  s p e c i f i c  FFTF design engineering. -The con t rac tua l  agreements 

w i t h  t h e  n a t i o n a l  l a b o r a t o r i e s  a re  i n  general admin is tered by t h e  Department o f  

Energy Headquarters, o r  i t s  app rop r ia te  F i e l d  0 f f i c e s ; ' a n d  those r e l a t i n g  t o  t h e  

FFTF s i t e  c o n s t r u c t i o n  (Bechtel) o r  FFTF research and development t o  be performed 

by t h e  Hanford Engineer ing Development Laboratory  may be admin is tered by t h e  Hanford 

Engineer ing Development Laboratory  o r  by t h e  FFTF Pro jec t .  

The FFTF P r o j e c t  O f f i c e  w i t h i n  t h e  Department o f  Energy admin is ters  

Th is  general arrangement has e x i s t e d  s ince t h e  Energy Reorganizat ion Act. 

t h a t  t ime  most FFTF-related a c t i v i t i e s  were d i r e c t e d  from t h e  Atomic Energy Commission 

Headquarters by t h e  D i v i s i o n  o f  Research and Reactor Development. 
Advanced Reactors D i v i s i o n a a t  Waltz M i l l s ,  Pa. i n i t i a t e d  t h e  procurement o f  t h e  
FFTF r e a c t o r  vessel and head, t h e  reactok c o o l i n g  bsfstemv,t t h e  in'vessel f u e l  hand l i ng  

equipment and t h e  c o n t r o l  and p r o t e c t i v e  systems. 

f o r  t h e  FFTF have been t r a n s f e r r e d -  t o  t h e  FFTF P r o j e c t  and t h e  'Hanforh Engineer ing 

P r i o r  t o  

The Westinghouse 

The present  and fo l l ow-on  a c t i v i t i e s  

Development Laboratory  I f o r  t h e  foreseeable 'Future. c- '  i l  

7 t f . t  I* . *>I \ t. , 
I,< . '3 - 

The i n t e r f a c i n g  between [ p a r t i c i p a n t s  and c o n t r a c t o r s  i s  complex b u t ' i t a s h o u l d  be 

emphasized t h a t ' t h e  "FFTF P r o j e c t  O f f i c e  has t h e  delegated o n s i t e  responsibi17t.y fw 

t h e  'safety3 management;$ c o n s t r u c t i o n  and operat ion '  o f -  the" FFTF h d e r  au thoc i za t i on  

by "the Federal Government regard less 'of pres'ent and fut'ur'e c o n t r a c t s  i n v o l v i n g  

mo-dif icat ions'%nd core changes duri'ng. ope ra t i on  o f  t h e  FFTF.= ' f h e  Commi'ssioh i s  

l i m i t e d  t o  an adv i so ry  r o l e ' i  n a l  d i kpos i ' t i on  o f  "safety matters'  rega rd ing  
1 %  ' $ - ' - ' I  ,I: : ; c ' 6. 

c 1 1  
. x  

- 3 ,  \ .<' z 
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1 . 6  I Summary o f  P r i n c i p a l  Review Mat ters  

I .  ,. 
_ , I  

. Our r e v i e w  and eva lua t i on  o f  t he  F i n a l  Safety  Analys is  Report and o t h e r , i n f o r m a t i o n  

submi t ted by the  P ro jec t ,  has considered mat ters  r e l e v a n t  t o  the  sa fe ty  o f  t he  FFTF 

design and we a re  p r o v i d i n g  advice t o  the  P r o j e c t  i n  accordance w i t h  the  e x i s t i n g  

in teragency agreement. 

Pursuant t o  p r i o r  agreement ( re ference l e t t e r s  R. Boyd t o  R. L. Ferguson dated 

August,.l3, 1976 and R. L. Ferguson t o  R. Denise dated August, 20, 1976) the  FFTF 

s i t e  seismology, geology and hydro logy were n o t  sub jec t  t o  c u r r e n t  review. 

mu tua l l y  agreed by bo th  agencies t h a t  t h e  phys i ca l  s i t e - c h a r a c t e r i s t i c s  o f  t h e  

Hanford Reiservation, more s p e c i f i c a l l y  t he  FFTF s i t e ,  had been s u f f i c i e n t l y  reviewed 

during, t hp  c o n s t r u c t i o n  rev iew stage. 

s t a f f  cou ld  make f u r t h e r  c o n s t r u c t i v e  adv i so ry  c o n t r i b u t i o n s  i n  t h i s  area r e l a t e d  

t o  the,FFTF cons ide r ing  the  stages o f  t he  rev iew and t h e  s ta tus  o f  t he  FFTF 

cons t ruc t i on .  I I. 

I 

It was 

I t was considered u n l i k e l y  t h a t -  t he  Commission 

1 

Themost  recen t  reac to rs  under c o n s t r u c t i o n  i n  t h e  v i c i n i t y  o f  FFTF are WPPSS 

Nuclear Generating P lan ts  Nos. 1, 2 and 4, f o r  which s i t e - r e l a t e d  i n fo rma t ion land  

documentation e x i s t  i n  t h e  p u b l i c  domain. S p e c i f i c  s i t e  documentation f o r  Cthe FFTF 

a l s o  i s  i n  t h e  p u b l i c  domain. Those aspects o f  t h e  FFTF s i t e  meteorology t h a t  were 

re-examhed d u r i n g  t h e  c u r r e n t  rev iew  suggested the  use o f  WPPSS 1 and 4 meteorology 

f o r  X/Q values r a t h e r  than t h e  methods descr ibed i n  NRC TID 14844 and used by the  

Hanford Engineer ing Development Laboratory f o r  t he  e v a l u a t i o n  o f  r a d i o l o g i c a l  

re leases o f  t h e  FFTF a t  t h e  s i t e  boundary. 

the,construct ion-permit ,stage o f  rev iew when more d e t a i l e d  meteoro log ica l  informa- 

T I D  14844 i s  u s u a l l y  a p p l i e d  on ly  a t  

- t i o n  i s  n o t  a v a i l a b l e .  

We a re  a.lso cognizant  o f  t he  s i t e  s p e c i f i c  p reva i l i , ng  weather p a t t e r n s  i n  t h e  

v i c i n i t y  o f  t h e  FFTL s i t e  and o f  t h e  Atomic Enecgy Commission 1971 r u l i n g  rega rd ing  

A d d i t i o n a l  recen t  s tud ies  by O r .  F u j i t a  appear on a p r e l i m i n a r y  bas i s  n o t  t o  i n d i -  

c a t e  s u b s t a n t i a l  d i f f e r e n c e s  from t h i s  e a r l y  judgment by t h e  Atomic Energy Commis- 

s i o n  Commissioners a l though t h e  amount o f  data added i s  n o t  l a rge .  There a re  some 

, o t h e r  s u b j e c t i v e  p o s i t i v e  f a c t o r s  i n  cons ide r ing  t h e  case f o r  t h e  FFTF such as i t s  

l o c a t i o n ,  r e l a t i v e l y  small  s i z e  and s h o r t  design l i f e  which d i f f e r e n t i a t e  i t  from a 

l a r g e  commercial power. reac to r .  C o l l e c t i v e l y  these f a c t o r s  make t h e  p r o b a b i l i t y  o f  

exceeding t h e  dose l i m i t a t i o n s  o f  10 CFR P a r t  100 f o r  an energe t i c  tornado a t  t he  

FFTF u n l i k e l y .  There. is  however, i n  our  op in ion,  a small  r e s i d u a l  r i s k  i n  t h e  

design o f  t h e  FFTF i n  p r o t e c t i n g  o n l y  one secondary loop aga ins t  m i s s i l e s .  It i s  

our  view t h a t  t h e  P r o j e c t  p o s i t i o n  rega rd ing  General Design C r i t e r i o n  2, "Design 

Bases f o r  P r o t e c t i o n  Against  Na tu ra l  Phenomena," and General Design C r i t e r i o n  34, 

"Residual Heat Removal ,I' represents  a depar ture from t h e  s p i r i t  and i n t e n t  behind 

t h e  guidance p rov ided  by t h e  General Design C r i t e r i a  and t h e  defense-in-depth 

s a f e t y  phi losophy. 

I <-the des ign bas i s  tornado f o r  c o n s t r u c t i o n  o f  t h e  FFTF containment s t r u c t u r e .  

Th is  should n o t  be construed t o  mean an unsafe s i t u a t i o n  e x i s t s .  
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The P r o j e c t  d i d  reques t la  var iance i n  des ign ing f o r  t h e  opera t i ng  bas i s  earthquake 

requirements. The P r o j e c t  $judged i t  would be acceptable t o  the  P r o j e c t  and t o  t h e  

Department o f  Energy t o  shut  down the  FFTF r e a c t o r  f o r  a l l  seismic events g rea te r  

than' 0.05g'rather than t o  design f o r  t h e  normal ope ra t i ng  bas i s  earthquake va lue o f  

one-hal f  t he  safe shutdown earthquake. We'do n o t  have a t e c h n i c a l  o b j e c t i o n  t o  the  

P r o j e c t ' s  p o s i t i o n  on t h i s  i t em sir ice t h e  FFTF i s  n o t  a commercia1,electr ic power 

generat ing f a c i l i t y  and-consequently t h e  P r o j e c t ' s  dec i s ion  r e s u l t s  o n l y  i n  an 

extended outage t o  t h e  t e s t  f a c i l i t y  and does n o t  a f f e c t  p u b l i c  sa fe ty .  

i s  s t i l l  designed f o r  t he  safe shut down earthquake o f  0.259. 

I t i s  recognized t h a t  s p e c i f i c  general design c r i t e r i a  a n d ' r e g u l a t o r y  guides do n o t  

e x i s t  f o r  l i q u i d  metal f a s t  breeder. reac to rs .  Nevertheless s u f f i c i e n t  guidance can 

be found i n  the  e x i s t i n g  General Design C r i t e r i a  and Regulatory Guides f o r  l i g h t  

be dominant. We b e l i e v e  t h a t  t he  a s - b u i l t  FFTF design i s  g e n e r a l l y  above normal i n  

t h e  q u a l i t y  o f  components b u t  has accepted marg ina1 , r i sks  which do n o t  necessa r i l y  

appear unacceptablevbut, on a comparab i l i t y  bas.is w i t h  l i g h t  water reac to rs ,  would 

n o t  be thought  o f  'as i n  compliance w i t h  t h e  i n t e n t  o f  10 CFR P a r t  50 w i t h  respect  

t o  tornado m i s s i l e  p r o t e c t i o n  and emergency power. 

We have reviewed the  r e s u l t s  o f  t he  Hanford Engineering Development Labora to ry ' s  

re ference r e p o r t s  ove? a range o f  t r a n s i e n t  cond i t i ons  i n  t h e  emergency and f a u l t e d  

range o f  operat ion.  

o f  t he  more severe u n l i k e l y  pos tu la ted  events such a s l p i p e  rup tu re ,  loss o f  heat  

s ink ,  sodium f i r e s  and core d i s r u p t i v e  acc idents ,  a l l  o f  which can be p o t e n t i a l  

chal lenges t o  the  containment. Secondary sodium f i r e s ,  a l oss -o f - coo lan t  acc iden t  

a t  WPPSS 1, 2 o r  4, o r  a c h l o r i n e  s p i l l  on the road t o  t h e  f a c i l i t y  have the  pqten- 

t i a l  o f  a f f e c t i n g  t h e  h a b i t a b i l i t y  o f  t he  FFTF c o n t r o l  room. 

The f a c i l i t y  

'water  reac to rs  t o  maker i t  abundantly c l e a r  t h a t  t h e  r o l e ' o f  s a f e t y ' i s  intended t o  

' 

. I  I 

Independent ana lys i s  has been performed by the  s t a f f  f o r  some 

., 

Those system t r a n s i e n t  events, w i t h i n  t h e  designsbasis o f  t he  FFTF, appear t o  be 

adequately protectedeby component'design o r  p r o t e c t e d  by a.dual shutdown system 

a c t u a t i n g  e i t h e r  o r  bo th  of ' two groups o f  B i C  rodc!"Normal deca 

by pony motor-dr iven pumps p r o v i d i n g  : forced c i r cu la t i on t 'wh ich ,  i n  t h e  event o f  loss 
o f  a l l  AC power, r e v e r t s  t o  n a t u r a l  c i r c u l a t i o n  t o  an atmospheric heat s ink .  

Defense-in-depth! t o  c o n t r o l  a c t i v i t y " r e q e a s e s ' i s  p rov ided  by compartmented s t e e l -  

1 i n e d . c e l l s  surrounded by a -low pressure s t e e l  containment' system."+'For those most 

sever'e acc ident-events ,  which are'thought ' t o  be ext remely un l  i k e l y ' b u t  a re  n o t  

dismissible;sufficient,containment, margin-capabi l i ty- is ' thought  t o b e x i s t  t o  cause 

the  impact o f  those events t o  be near t h e  l i m i t s  o f  a c c e p t a b i l i t y  t o  be delayed o r  

c o n t r o l l e d i  f o r  a. reasonable ' p e r i o d  o f  t ime  during.which-emergency-plans cou ld  be 
, -- . _.: - . t  I p u t  in toL 'e f fect ' ,  . 8 ' : . I 

We have eva lua ted - the  P r o j e c t ' s  p lans -> fo r  t he  conduct o f  f a c i l i t y - ' o p e r a t i o n s ,  

i n c l u d i n g  the  o rgan iza t i ona l  'arrangements w i t h ' t h e  Hanford Engineer ing Development 

Laboratory  and the  q u a l i f i c a t i o n s  f o r  ope ra t i ng  and techn ica l  suppor t  personnel. 

Although t h e  FFTF w i l l  n o t  be operated by l i censed  operators ,  equ iva len t  l e v e l s  o f  

' 
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education,,. training, and,experi!ence a re  being p rov ided  through E B R - I 1  operator  

t r a i n i n g  experience, s imu la to r  t r a i n i n g  a t  t h e  Hanford Engineering Development 

Laboratory  a t 4  i n -p lan t ,  t r a i n i n g  prov ided by t h e  Hanford Engineering Development 

Laboratory  a t  t h e  FFTF. Emergency p lans  have been.prepared f o r  t he  FFTF t o  be 

implemented i n  the  u n l i k e l y  event o f  an acc iden t  t h a t  might  a f f e c t  p l a n t  personnel 

o r  t h e  genera l .publ ic .  

i a t e d  w i t h  p o r t i o n s  of . the Hanford Reservation and adjacent  areas. 

We have evaluated the  P r o j e c t  and t h e  Hanford .Engineering Development Laboratory 

q u a l i t y  assurance p lans fo r  t he  conduct o f  operat ions,  t r a i n i n g  p lans and emergency 

p lans and found them t o  be genera l l y  acceptable except f o r  q u a l i f i c a t i o n s  rega rd ing  

s t a r t u p  t e s t i n g  f o r  n a t u r a l  c i r c u l a t i o n .  

We have reviewed the  design o f . t h e  r e a c t o r  and heat  transport:system, r e s u l t s  o f  

cases, and.high temperature design c r i t e r i a  t o  assure t h a t  major components impor tan t  

t o  s a f e t y  i n  the  l iqu, id  metal systems,wi l l  remain w i t h i n  t h e i r  design envelope 

throughout t h e i r  o p e r a t i n g , d i f e ,  i n c l u d i n g  t h e  design margin c a p a b i l i t y  o f  accommo- 
d a t i n g  a p o s t u l a t e d  core d i s r u p t i v e  event and some sodium re lease  i n  containment 

exc lud ing  gross component f a i l u r e .  Wi th  respect  t o  those p o r t i o n s  o f  t h e  f a c i l i t y  

wi th in t h e  des ign bas i s  we reviewed those systems impor tant  t o  s a f e t y  j n  accordance 

w i t h  e x i s t i n g  General Design C r i t e r i a  and Regulatory Guides. I Departure from these 

c r i t e r i a ,  guides, codes and standards has been i d e n t i f i e d .  Where the  P r o j e c t  has 

taken except ion t o  use o f  these c r i t e r i a ,  t h e  P r o j e c t  p o s i t i o n  has been evaluated 

and discussed. . 

I These p lans  a re  i n t e g r a t e d  i n t o  the  o v e r a l l  p lann ing  assoc- 
- -  

.,. 

, 

r sa fe ty - re la ted l research  and development, t h e  a p p l i c a b i l i t y  o f  ASME codes and code 

, 
L. . 

- I  

We have evaluated t h e  expected response o f k t h e  f a c i l i t y  t o  a spectrum o f  p o s t u l a t e d  

acc idents  and t r a n s i e n t  cond i t i ons ,  and a l though many u n l i k e l y  design bas i s  a c c i -  

dents can be accommodated, t he re  a re  severa l  u n l i k e l y  events which cou ld  p o t e n t i a l l y  

chal lenge t h e  FFTF containment system s t ruc tu res .  These a r e  a l a r g e  continuous 

sodium spray re lease  i n  c losed equipment spaces and the  u n l i k e l y  loss o f  coo lab le  

co re  geometry w i t h  subsequent vessel melt-through. 

discussed ,in Sect ion 15.0 o f  t h i s  r e p o r t .  

Sodium f i r e s  have been c l a s s i f i e d  separa te l y  from t h e  o r d i n a r y  f i r e s  r e s u l t i n g  from 

combustible m a t e r i a l s  found i n  a power p l a n t  such as organic  m a t e r i a l s , - d i e s e l  and 

l u b r i c a t i n g  o i l s .  .,The sodium f i r e s  i r e  addressed i n  t h i s  r e p o r t  b u t  t h e  more 

convent ional  f i r e  hazards analyses w i l l  be presented i n  a supplement t o . t h i s  r e p o r t .  

-We evalusted systems prov ided t o  c o n t r o l  t he  re ledse  o f  r a d i o a c t i v e  e f f l u e n t s  

generated by t h e  FFTF d u r i n g  i t s  normal operat ion.  

n o t  i nc lude  f a i l e d  f u e l .  

operate t h e  FFTF w i t h  f a i l e d  f u e l .  However, a gaseous c o l l e c t i o n ,  s torage and 

-process ing system i s  p rov ided  t o  process t h e  argon r e a c t o r  cover gas i n  any event  

These p o s t u l a t e d  acc idents  are 

* *  

The bas i s  o f  our  rev iew d i d  

It i s  the  P r o j e c t ' s  s t a t e d  i n t e n t  n o t  t o  i n i t i a l l y  

I 

, 
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so t h a t  a c t i v i t y  re leased o f f s i t e  from t h i s  source would be minimal. 

s o l i d  wastes generaseh by t h e  FFTF w i l l  u l t i m a t e l y  be t ranspor ted  elsewhere on t h e  

Hanford Reservation f o r  d isposal .  We b e l i e v e  t h a t  t he  above proposed p r a c t i c e s  and 

o b j e c t i v e s  comply w i t h  t h e  i n t e n t  o f  10 CFR P a r t  50 and the  i n t e n t  o f  Appendix I o f  

10 CFR P a r t  50 t o  minimize the  l i q u i d  and gaseous re leases from t h e  FFTF t o  as low 

as i s  reasonably achievable. 

The P r o j e c t  con<ractokl s ana lys i s  was reviewed and independhnt s tud ies  o f  t he  

funct io 'na l  behavior  o f  the- r e a c t o r  f o r  sodium s p i l l s  i n  ' t he  r e a c t o r  c a v i t y ,  i n t e r -  

mediate heat excbanger c e l l s  and sodium ove r f l ow  tank  'were performed. 

ana lys i s  p o s t u l a t e d ' p i p i n g  f a i l u r e s  w i t h  s tee l '  l i n e r s  separa t i ng  sodium and concrete 

and evaluated t h e  c e l l  pressures and t h e  e f f e c t  on t h e  reac to r .  

t h e  r e a c t o r  coo lan t  system, i n c l u d i n g  the  three p r imary  p i p i n g  loops, has been 

evaluated cons ide r ing  i t s  design, f a b r i c a t i o n ,  q u a l i t y  assurance and need f o r  

i n s e r v i c e  inspect ion.  

i s  prov ided i n  Sections 4.0, 5.0 and 19.0 o f  t h i s  r e p o r t .  

A major ma t te r  under s t a f f  rev iew has been t h e  proposed r e l i a n c e  on n a t u r a l  

each o f  t h e  p i i m a r y o r  secondary sodium loops i s  d r i v e n  normal ly  by l a r g e  sodium 

pumps. 

pumps f o r  use d u r i n g  low coo lan t  f l o w  cond i t i ons .  

t he  pony motors fs ' independent  o f  t he  power supply t o  t h e  l a r g e  pump motors. 

However, n e i t h e r  power suppl 

tornado. Thus, as a redundant mechanism f o r  removing decay heat  f o l l o w i n g  a loss 
o f  power event; t he  P r o j e c t  has proposed t o  r e l y  on n a t u r a l  c i r c u l a t i o n ,  and the  

heat ' t ranspor i 'system has been designed t o  make use o f  t h e  thermal e f f e c t s  ( i . e . ,  

d e n s i t y  c h a n g e s j i n  ' d r i v i n g  the  n a t u r a l  c i r c u l a t i o n  f lows. 

L i q u i d  and 

t r ) .  

The s t a f f  

The i n t e g r i t y  o f  

S p e c i f i c  adv ice t o  t h e  P r o j e c t  r e l a t e d  t o  p i p i n g  i n t e g r i t y  

i r  
c u l a t i o n  f o r  decay heat  removal i n  the  event o f  a t o t a l ' l o s s  o f  power. Flow i n  

There'are a l s o  pony motors on each o f  t he  pr imary and secondary sodium loop 

The e l e c t r i c a l  power supply t o  

i s  designed t o  w i ths tand  the- assoc iated e f f e c t s  o f  a 

Sect ion 5 . 5  o f  t h i s  

- r e p o r t  discusses our e v a l u a i i o n  o f  t he  decay heat  removal system more f u l l y .  

The sub jec t  of ' f u e l  f a i l ' u r e  propagati'oh' p o t e n t i k l  ha; been askessed a l s o  and i s  

more f u l l y  addressed- in-Sect ion 7 5 . 0  o f ' t h i s '  report!' Fuel handi'ing, e l e c t r i c a l  

power systems, heat ing,  v e n t i l a t i o n  $nd miscei  laneo&'aux i r l iary  ce and gas 

systems have alsosbeen evaluated and discussed i n  t h e i r  respec t i ve  sec t i ons  o f  t h i s  

r e p o r t .  ' 

S t a f f  emphasis has 

the  h ighes t  p o t e n t i a l  f o r  a se r ious  r a d i o l o g i c a l  re lease.  We conducted a s i g n i f i -  

acc idents  and. theTmdre 1;kily p a f h - o f  such' events, and have per'formed- a parametr ic  

3 - ,  4-3 1 e )i- : I 4 .  

1 1  81 I .  t I 

obgb i 1'i t y  acc iden t  s i t i a t ' i  ons hav i ng 

t indepsndent rev iew 'and'analysis i n  t h e  Area o f  ' i d $ i t i a t i o n  o f  core d i s r u p t i v e  

a l y s i s  ' o f -  t he  ?on5k@ence 

" hypoihesized by (he P r h j % c t  

f such' events should- they n o t  ter"hat'e'i''n t h e  manner 

The o b j i c t i b e ' o f  th'ete '?jarameti=;'c evaluat ions i s  t o  

assure t h a t  under unfavorable circumstances the  e x i s t i n g  containment, ' w i t h  a n c i l l a r y  

fea tu res  i f  necessary, w i l l  p rov ide  s u f f i c i e n t  t ime  t o  implement emergency p lans 
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should i t  become necessary t o  minimize t h e  r i s k  t o  the  p u b l i c .  

a re  discussed i n  Sect ion 15.0 o f  t h i s  repor t . l  

These evaluat ions 

r 
I -  I /  

1 .7  F a c i l i t y  Mod i f i ca t i ons  and/or Changes Dur ing t h e  Review 

Several c o n s t r u c t i o n  changes were i d e n t i f i e d  i n  t h e  i n i t i a l  phases o f  our prev ious 

rev iew i n  Supplements ,l and 2 t o  t h e  Safety  Eva lua t i on  Report. I n  the  c u r r e n t  

phase o f  t he  rev iew our  tecthn ica l  assessment has been d i r e c t e d  p r i m a r i l y  t? prov id -  

i n g  t h e  P r o j e c t  w i t h  advice de r i ved  from our  experience w i t h  v a r i e d  types o f  commercial 

and t e s t  reac to rs .  S i g n i f i c a n t  FFTF mod i f i ca t i ons ,  comgleted, planned o r  contemplated, 

are as fol1,ows: 

( 1 )  The P r o j e c t  has i n i t i - a t e d  i n s e r v i c e  i nspec t i on  development work f o r  h igh  

temperature .uJt rasonic  t ransducer  heads w i t h  s j l i c o n , o i l  used as a couplant  

f o r  use a t  a 400eF r e a c t o r  shutdown temperature. 

sec t i ons  were t o  be provided,by the  P r o j e c t  a t  se lec ted  welds i n  the  h o t  

crossover p i p i n g  o f  t h e  r e a c t o r  coo lan t  systfm f o r  p e r i o d i c  i w p e c t i o n .  
n o t  c l e a r  t h a t  t h i s  p r i o r  commitment i s  s t i l l  v a l i d .  

t h e  P r o j e c t  proposes t o  i nspec t  secondary sodium system welds instead.  

s t a f f  does n o t  agree t h a t  t h i s  a l t e r n a t i v e  proposal i s  acceptable. 

Removable p i p i n g  i n s u l a t i o n  

It i s  
W: now understand t h a t  

The 

1 

(2) We have recommended,that a t  l e a s t  one sodium l e a k  de tec to r  system, p re fe rab ly  

a sodium i o n i z a t i o n  aerosol  type,  be s e i s m i c a l l y  q u a l i f i e d  and fu rn i shed  w i t h  

Class I E  power. 

Coolant Pressure Boundary Leakage De tec t i on  System." 

t h a t  t h e  sodium i o n i z a t i o n  de tec to r  o f f e r s  the  bes t  chance of meeting l e a k  

d e t e c t i o n  sens i t i v i i - t y  and qesponse t ime  requirements. 

t 

Th is  i s  c o n s i s t e n t  w i t h  Regulatory Guide 1.45, "Reactor 
I ,  " 

It appears t o  t h e  s t a f f  

The P r o j e c t  i s  w i l l i n g  

Th is  issue i s  unresolved. , t o  p r o v i d e , t h e  l e a k  de tec to r  b u t  n o t  Class, I E  power. 

( 3 )  Modif i .cat ions were made t o  t h e  p r o t e c t i v e  system c o n t r o l  panels i n  which 

We f i n d  t h e  m o d i f i c a t i o n s  acceptable. 

, ins t rument  c o n t r o l  e l e c t r i c a l  separat ion c r i t e r i a  had n o t  been f u l l y .  s a t i s f i e d .  

(4) Containment vessel pene t ra t i ons  which had n o t  met t h e  requ i red  normal, seismic 

and acc ident  environmental q u a l i f i c a t i o n s  were modi f ied.  The method o f  p r o t e c t i o n  

. o f  e l e c t r i c a l  power p e n e t r a t i o n  i s  s t i l l  under review. 

. e ,  1 I 

(5) Reactor c a v i t y  vents were added t o  vent  steam and vapor behind s t e e l  l i n e r  

p l a t e s  i n  t h e  upper p o r t i o n  o f  t h e  r e a c t o r  c a v i t y  and prevent  l i n e r  p l a t e  

f a i l u r e  due to, steam back-pressure from a sodium re lease  i n t o  t h e  r e a c t o r  

c a v i t y .  

. 

Th is  change was recommended i n  Supplement 2 t o  our  Sa fe ty tEva lua t i on  

Report. 
5 .I , '  

(6) As p a r t  o f  our  eva lua t i on  a t  t h e  c o n s t r u c t i o n  rev iew stage we advised t h e  

P r o j e c t  aga ins t  'f i 11 i ng t h e  r e a c t o r  subcavi t y  w i t h  o rd ina ry  concrete s ince 
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this would foreclose all other options for using this space to improve safety 
margins if the need became apparent at a later date. This space still exists 
except that the 36 inch thick concrete hole has been filled with concrete and 
covered with a steel liner. 

We recommended at the construction review stage that anti-splash features be 
provided in the reactor head access area to minimize the amount of sodium 
spray ejected into the upper reactor containment building following an energetic 
core disruptive accident. The objective was t o  confine the released sodium to 
a pool fire in the head access area. The recommended devices were incorporated 
by the Project. 

The quality assurance program was modified to require more formalization o f  

quality assurance polices and procedures and t o  require more participation and 
review by the Hanford Engineering Development Laboratory management. 
Hanford Engineering-Uevelopment laboratory management has agreed to participate 
more extensively in the planning of experimental tests and their safety review. 

The 

The Project has agreed to provide safety grade, post-accident radiation monitors 
outside containment. 

By mutual agreement with the Project we have temporarily discontinued our 
review of  the interaction of the core with an experiment in a closed loop and 
of the capability of the closed loop plant protection system to protect the 
reactor. 
"Evaluation of the CLIRA Outlet Temperature PF'S Function for Design Loss o f  

Flow Events." Potential problems appear to exist in the existing design. 

This dec-ision is based partially on our review of HEOL TC-1059, 

The staff has recommended installation of a l oose  parts monitoring system when 
developed. The Project has indicated its intention to do'so as soon as a 
system is developedaand is practical to install.' An experimental program is 
underway at Argonne National laboratory. 

Due to certain problems existing with tornado missile protection, the staff 
has recommended shutdown of the facility when potential tornado conditions are 
detected I n  the immediate vicinity of FFTF. The Project. has committed to do 
this. 
of non-Class IE <power for safety-related functions. 

I -  I t  --, . .  

The>*commitment alleviates a number of Jtaff concerns regarding the use 

1 'I , . - -  
The'staff.had recommended the installation of, radiation; sodium aerosol, and 
chlorine detectors, powered by Class IE power and missile protected, ahead of 
the air intake to the control room, greater separation between air intakes, 
and inclusion of charcoal absorbers in the coktrol room heating and ventilation 
system. 

I 

I 
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The P r o j e c t  has agreed t o  i n s t a l l  t he  r a d i a t i o n  and sodium aerosol de tec to rs  

on Class 1E power, b u t  t h e  c h l o r i n e  d e t e c t o r  w i l l  be p laced on c o n t r o l  power. 

The P r o j e c t ' s  r a t i o n a l e  i s  t h a t  t he  c h l o r i n e  does n o t  o r i g i n a t e  a t  FFTF and no 

c r e d i b l e  mechanisms can be p o s t u l a t e d  f o r  a l o s s  o f  c o n t r o l  power concurrent  

w i t h  an o f f s i t e  c h l o r i n e  re lease.  

which a re  m i s s i l e  p ro tec ted ,  i s  be ing  changed t o  %320 f e e t .  

no need f o r  a charcoal  f i l t e r  s ince t h e  i o d i n e  p o t e n t i a l  a t  t h e  c o n t r o l  room 

i s  smal l ,  o r i g i n a t i n g  from o f f s i t e  sources, and t h e  c o n t r o l  room w i l l  be 

i s o l a t e d .  T e n t a t i v e l y ,  t h i s  appears t o  be acceptable t o  the  s t a f f .  

The e x i s t i n g  d i s tance  between a i r  i n takes ,  

The P r o j e c t  sees 

(14) The s t a f f  recommended t h e  use o f  a f u e l  channel e x i t  temperature o f  167OoF f o r  

The s t a f f  concern i s  r e l a t e d  s a f e t y  ana lys i s  r a t h e r  than t h e  proposed 1 7 0 5 O F .  
t o  the  f a c t  t h a t  a s i g n i f i c a n t  f r a c t i o n  o f  t h e  pressure drop across t h e  f u e l  

subassembly i s  a long t h e  l ong  f i s s i o n  gas chamber i n  the  upper h a l f  o f  t h e  

f u e l  p i n .  The f u e l  channel e x i t  temperature i s  thus n o t  a good i n d i c a t o r  o f  

t h e  f u e l  and c l a d  temperatures i n  t h e  power p roduc t i on  reg ion.  We b e l i e v e  i t  
t o  be more conservat ive t o  use t h e  lower va lue u n t i l  b e t t e r  data i s  a v a i l a b l e .  

The P r o j e c t  has agreed t o  t h i s  recommendation. 

P l a n t  m o d i f i c a t i o n s  i n i t i a t e d  by t h e  P r o j e c t  a re  i d e n t i f i e d  i n  Table 1.3-1 o f  t he  

F i n a l  Sa fe ty  Ana lys i s  Report. 

c o n t r a c t o r s  a long w i t h  t h e  reasons f o r  t h e  changes. These changes were reviewed 

d u r i n g  t h e  normal course o f  t h e  safety  review. 

some instances deserve some f u r t h e r  comments: 

Twenty-seven changes were l i s t e d  by t h e  P r o j e c t  

We b e l i e v e  t h e  reasons g iven i n  

(1) Hardening o f  t h e  d i e s e l  generators aga ins t  tornados was e l iminated.  We view 

t h i s  d e c i s i o n  t o  have been a depar ture from t h e  i n t e n t  o f  10 CFR P a r t  50 and 

an acceptance o f  an increase i n  r i s k ,  n o t  necessa r i l y  unsafe b u t  c e r t a i n l y  n o t  

improv ing the  s a f e t y  o f  t he  FFTF. The acceptance o f  t h i s  design d e c i s i o n  i s  

coupled t o  t h e  demonstrat ion and v e r i f i c a t i o n  o f  n a t u r a l  c i r c u l a t i o n ,  which a t  

t h i s  t ime  remains an open s a f e t y  problem u n t i l  s a t i s f a c t o r y  acceptance t e s t s  

have been completed. The P r o j e c t  has been made aware o f  our concerns. 

(2) Tornado m i s s i l e  p r o t e c t i o n  was p rov ided  f o r  one secondary loop only .  

b e l i e v e  i t  would have been prudent  t o  have added t h e  same p r o t e c t i o n  t o  a 

second loop, a l though t h i s  was n o t  done. 

loop as meeting t h e  i n t e n t  o f  t h e  design c r i t e r i a  i n  10 CFR P a r t  50. 
recommend t h a t  ope ra t i on  o f  t h e  f a c i l i t y  n o t  be cont inued w i t h  any per turba-  

t i o n  o f  t h e  f l o w  i n  t h e  one hardened loop, such as e r r a t i c  behavior  o f  t h e  

p r imary  check valve. Two loop  opera t i on  i s  ou ts ide  t h e  scope o f  t he  s t a f f ' s  

review, b u t  we have considered t h e  s a f e t y  consequences o f  acc iden ta l  loss o f  

one o r  two loops. 

We 

We do n o t  view one missi le-hardened 

We 

E 
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Requirements f o r  Future Technical I n fo rma t ion  

(1) Na tu ra l  C i r c u l a t i o n  - We have c o n d i t i o n a l l y  accepted t h e  premise t h a t  t he re  i s  

reasonable assurance t h a t  n a t u r a l  c i r c u l a t i o n  w i l l  be demonstrated as a v i a b l e  

method o f  removing decay heat. The normal decay heat  removal method i n  the  

FFTF i s  by fo rced  c i r c u l a t i o n  through the  use o f  pony motors d r i v e n  by e i t h e r  

normal AC power o r ,  i n  t h e  event o f  l oss  o f  bo th  sources o f  o f f s i t e  power, by 

the  d i e s e l  generators. 

generators are the  sources o f  AC power a v a i l a b l e  t o  d r i v e  t h e  pony motors. 

Although t h e  p r i n c i p l e  o f  natura! c i r c u l a t i o n  i s  n o t  i n  d i spu te  by the  s t a f f ,  

t he  u n c e r t a i n t y  rega rd ing  natura! c i r c u l a t i o n  r e l a t e s  t o  t r a n s i e n t  thermal 

behavior  and a l s o  i nvo l ves  u n c e r t a i n t i e s  i n  low f l o w  behavior  i n  t h e  core 

d u r i n g  t h e  t r a n s i t i o n  t o  s t a b l e  n a t u r a l  c i r c u l a t i o n ,  h o t  channel f a c t o r  values, 

and t h e  f u e l  c ladd ing  temperature and i t s  t ime  h i s t o r y  i n  the  core d u r i n g  t h i s  

whole process. We a l s o  have some concerns rega rd ing  re-establ ishment  o f  

n a t u r a l  c i r c u l a t i o n ,  i f  once l o s t ,  i n  a t i m e l y  manner, s ince m u l t i p l e  i n t e r -  

connected loops are i nvo l ved  and the  thermal i n e r t i a  may cause s lugg ish  delayed 

response i n  o v e r a l l  system heat  t ranspor t .  For these reasons, which are 

The two o f f s i t e  sources o f  power and t h e  o n s i t e  d i e s e l  

sa fe ty - re la ted ,  we have requested t h a t  t he  P r o j e c t  f u r n i s h  us w i t h  the  t e s t  

s p e c i f i c a t i o n s  t o  be implemented d u r i n g  the  s t a r t u p  phase o f  t e s t i n g .  The 

o b j e c t i v e s  o f  these t e s t s  are t o  v a l i d a t e  n a t u r a l  c i r c u l a t i o n  as an adequate, 

safe and r e l i a b l e  method o f  decay heat  removal w i t h o u t  r e s u l t i n g  i n  core 

v o i d i n g  ( b o i l i n g )  o r  f u e l  c ladd ing  f a i l u r e  and t o  v a l i d a t e  t h e  models used i n  

the  thermal-hydraul ic  ana lys i s .  It i s  our  op in ion  t h a t  l a c k  o f  a n a l y t i c a l  

p r e d i c t a b i l i t y  by t h e  models would leave doubt regard ing t h e  adequacy o f  t he  

t e s t s .  I n  suppor t  o f  t h i s  v a l i d a t i o n  e f f o r t  we have requested subs tan t i ve  

v e r i f i c a t i o n  o f  t he  mathematical models o f  t h e  IANUS and FLODISC codes. This  

i nc ludes  p r e t e s t  p r e d i c t i o n  o f  t he  core behavior  under a range o f  t e s t  

cond i t i ons  such t h a t  t he  computer models can be used t o  p r e d i c t  t he  core 
thermal-hydraul ic   behavior^ d u r i n g  f l o w  coastdown, through f l o w  t r a n s i t i o n ,  and 

i n t o  t h e  s t a b l e  n a t u r a l  c i r c u l a t i o n  f l o w  regime. 

p r e t e s t  system behavior  and c o l l e c t  experimental data over as wide a range o f  

models t o  f l o w - t r a n s i e n t s  n o t  assoc iated w i t h  n a t u r a l  c i r c u l a t i o n  (e.g., 

acc ident  analyses). 

E f f o r t  should be made t o  

. p l a n t  cond i t i ons  as p o s s i b l e  i n  order  t o  v e r i f y  t h e  a p p l i c a b i l i t y  o f  these 

We hove recommended t h a t  t h e  P r o j e c t  submit f o r  s t a f f  rev iew t h e  r e s u l t s  o f  

these p r e t e s t  computer code analyses p r e d i c t i n g  the  bes t  est imate FFTF system 

and component t r a n s i e n t s  f o r  t h e  va r ious  n a t u r a l  c i r c u l a t i o n  t e s t s  t o  be 

These r e s u l t s  .should be submi t ted t o  us p r i o r  t o  t h e  ac tua l  

performance .of t h e  t e s t s .  The reduced t e s t  data should a l s o  be submi t ted 

prompt ly  f o r  our review, a long w i t h  t h e  r e s u l t s  o f  t he  P r o j e c t ' s  rev iew and 

ana lys i s  o f  these data. 
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(2 )  Containment Adequacy f o r  Core M e l t  Events - P o s t u l a t i n g  var ious core meltdown 

scenarios, we have evaluated t h e  FFTF containment margins u t i l i z i n g  

s t a t e - o f - t h e - a r t  experimental i n fo rma t ion  from the  Department o f  Energy and 

Commission con f i rma to ry  research programs, as w e l l  as o the r  app l i cab le  i n f o r m a t i o n  

i n  t h i s  area. The FFTF c o n t r d c t o r s '  computational models were a l so  reviewed 

and used by the  s t a f f .  The amount o f  data regard ing core debr i s  (sodium, 

f u e l ,  s t e e l )  i n t e r a c t i n g  w i t h  containment m a t e r i a l s  ( s t e e l  l i n e r s ,  concrete)  

i s  sparse. We request  t h a t  work be cont inued i n  t h i s  area t o  improve t h e  

confidence f o r  p r e d i c t i n g  the  behavior  o f  such ma te r ia l  i n t e r a c t i o n s  i n  t h e  

containment system. We f u r t h e r  request  t o  be kept  informed o f  a l l  P r o j e c t  

e f f o r t s  i n  t h i s  regard. 

( 3 )  Leak De tec t i on  - We have requested demonstrat ion o f  t he  v i a b i l i t y  o f  l a r g e  

scale gaseous ( o r  aerosol )  sodium leak  d e t e c t i o n  system du r ing  the  p r e l i m i n a r y  

s t a r t u p  phase o f  t he  FFTF. 

system f u n c t i o n  and scale up o f  i o n i z a t i o n  de tec to rs  and d i f f e r e n t i a l  pressure 

de tec to rs  i n  the  a s - b u i l t  p l a n t .  
gases i n  the  l a r g e  i n te rmed ia te  heat  exchanger c e l l s  o r  r e a c t o r  c a v i t y  volumes 

and compared t o  t h e  small-sca!e l a b o r a t o r y  t e s t s  performed a t  t he  L i q u i d  Metal 

Engineer ing Center. We a l so  request  demonstrat ion o f  o n - l i n e  i n - p l a n t  t e s t a b i l i t y  

, 
More s p e c i f i c a l l y ,  we request a demonstrat ion o f  

Presumably t h i s  can be done w i t h  t r a c e r  

/ ' f o r  t h e  above leak  de tec to rs .  We have requested t h a t  we be p rov ided  w i t h  the  

r e s u l t s  o f ' t h i s  s imulated demonstrat ion o f  sodium leak  de tec to r  f unc t i on .  

(4) I n s e r v i c e  Inspec t i on  - We have recommended t h a t  t he  P r o j e c t  per form p rese rv i ce  

base l i ne  i nspec t i ons  o f ,  and make p rov i s ions  f o r  i n s e r v i c e  examination o f ,  

se lec ted  welds i n  t h e  h igh  s t ressed e levated temperature r e a c t o r  coo lan t  

system crossover p i p i n g .  This  w i l l  r e q u i r e  removing segments o f  i n s u l a t i o n ,  

i n s t a l l i n g  t r a c k s  on the  h o t  l e g  crossover p i p i n g  f o r  power-driven u l t r a s o n i c  

de tec to rs ,  and per forming a reference u l t r a s o n i c  examination a t  40OoF. The 

response by t h e  Hanford Engineer ing Development Laboratory  t o  t h i s  request  i s  

t h a t  t he  necessary equipment w i l l  n o t  be s u f f i c i e n t l y  developed by p l a n t  

s t a r t u p  b u t  t h a t  they w i l l  cont inue t o  develop p i t c h - c a t c h  u l t r a s o n i c  t e s t  

heads, couplants, computer i ndex ing  and data r e s o l u t i o n  f o r  a d e f e c t  image 

such t h a t  i t  may be loca ted  and compared t o  prev ious images t o  determine 

changes. The s t a f f  requests t o  tle kept  informed o f  t h e  progress o f  t h i s  work 

and recommends t h a t  t h i s  e f f o r t  cont inue t o  be supported and implemented p r i o r  

t o  power ope ra t i on  o r  as soon as p o s s i b l e  t h e r e a f t e r .  

( 5 )  C e l l  L i n e r  Test  Plan - We have considered the  s t e e l  l i n e r s  f o r  t he  r e a c t o r  

c a v i t y ,  t he  pr imary system p i p e  tunnels ,  t he  pr imary heat t r a n s p o r t  system 

c e l l s  and the  pr imary sodium system ove r f l ow  tank c e l l  t o  be impor tant  t o  

p l a n t  sa fe ty .  

t o  containment i n t e g r i t y  w i l l  e x i s t  i f  gross f a i l u r e  o f  t h e  s t e e l  l i n e r s  

occurs and r e s u l t s  i n  a l a r g e  sodium-concrete reac t i on .  The q u a n t i t i e s  o f  

I n  the  event o t  a l a r g e  'hot  sodium leak ,  a p o t e n t i a l  chal lenge 
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1.9 

sodium invo lved  can range from r e l a t i v e l y  small  amounts t o  100,000 pounds. We 

b e l i e v e  t h a t  some'form o f  a p e r i o d i c  s t a t i s t i c a l  sa'mpling method can be devised 

by t h e  FFTF designers t o  demonstrate the cont inued f u n c t i o n a l  c a p a b i l i t y  o f  

these s t e e l  l i n e r s  d u r i q g  the  20-year l i f e  o f  t he  f a c i l i t y .  As the  r e a c t o r  

c a v i t y  i s  i naccess ib le  a f t e r  s t a r t u p  o f  t he  r e a c t o r  w h i l e  the  o the r  c e l l s  are 

no t ,  d i f f e r e n t  l i n e r  f u n c t i o n a l  i n t e g r i t y  v e r i f i c a t i c n  methods may be considered 

f o r  d i f f e r e n t  l i n e r s  where access i s  l i m i t e d .  We are n o t  y e t  convinced t h a t  

t r a c e r  gases; oxygen d i f f u s i o n  01' pressure decay t e s t i n g  should no t  be con- 

s ide red  meaningful f o r  t h e  r e a c t o r  c a v i t y .  We recognize t h a t  i t  i s  u n l i k e l y  

t h a t  t e s t s  cou ld  be devised t o  l o c a t e  small leaks i n  the  r e a c t o r  c a v i t y ,  and 

i t  i s  u n l i k e l y  t h a t  such leaks cou ld  be repai red.  I n  t h e  event o f  a sodium 

s p i l l ,  i t  may become ev iden t  t h a t  on l y  l a r g e  l i n e r  leaks a re  impor tant  i f  

small  cracks a re  found t o  be s e l f - p l u g g i n g  as recen t  t e s t s  have ind i ca ted .  I n  

any event we request  t o  be kept  informed o f  t h e  P r o j e c t ' s  p lans and t e s t s  t o  

demonstrate t h e  cont inued f u n c t i o n a l  c a p a b i l i t y  o f  t he  above l i n e r s  f o r  t h e  

l i f e  o f  t he  f a c i l i t y .  

Loose Par t s  Mon i to r i ng  - We have recommended t h a t  t h e  P r o j e c t  i n s t a l l  a loose 

p a r t s  mon i to r i ng  system. We understand i t  i s  c u r r e n t l y  beyond the  s ta te -o f - the -  

a r t  b u t  we encourage i t s  development and i n s t a l l a t i o n  i n  the  FFTF. We request 

t o  be informed o f  progress a t  Argonne Nat ional  Laboratory w i t h  regards t o  

accous t i ca l  mon i to r i ng  devices i r i  sodium and o f  t he  planned i n c o r p o r a t i o n  o f  

such a device i n  FFTF. 

Containment Adequacy f o r  Core Me l t s  - We request  t o  be kept  informed o f  t he  

P r o j e c t ' s  p lans f o r  min imiz ing r a d i o a c t i v e  re leases i n  the  event  o f  a low 

p r o b a b i l i t y  core me l t  event p a r t i c u l a r l y  i n  regard t o  the  p o t e n t i a l  hydrogen 

generat ion problem. 

Summary o f  Outstanding Issues ' 

The major ou ts tazd ing  issues on t h e  FFTF can be grouped under 11 major headings 

even though'each heading has multi- 'complex subissues w i t h i n  it. 

these issues i s  descr ibed below. 

s t a f f  on J u l y  25 and 26, 1978, i t  i s  probable t h a t  r e s o l u t i o n  w i l l  be forthcoming, 

pending adequate documentation f o r ' i t e m s  l', 4, 5, 6, 7 , -and 8. 

The i d e n t i t y  o f  

Fo l l ow ing  meetings between'%he P r o j e c t  and the  

(1) Natura l  C i r c u l a t i o n  - We w i l l  rev iew and evaluate the  adequacy o f  i n f o r m a t i o n  

obta ined ' f rom t h e  n a t u r a l  c i r c h l a t i o n  t e s t  'proyram regard ing bo th  n a t u r a l  

c i i c u l a t i o n  and computer model v e r i f i c a t i o n  and t h e * P r o j e c t ' s  ana lys i s  o f  

these date i n  suppor t  o f  t h e ' p o s i t i o n  t 6 a t  n a t u r a l  * c i r c u l a t i o n  i s  a v i a b l e  

o p t i o n  f o r  decay heat  removal. We h i l l  adv ise the  PFoject o f  our f i n d i n g s  

(see Sect ion 14.2 o f  t h i s  r e p o r t  f o r  a more d e t a i l e d  d iscuss ion) .  
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Containment Adequacy f o r  Core M e l t  Events - I n  Supplement 2 t o  the  Safety  

Eva lua t i on  Repo,rt, issued i n  March 1975, we evaluated the  c a p a b i l i t y  o f  t he  

r e a c t o r  coo lan t  system boundary t o  con ta in  an in-vessel  core meltdown acc ident .  

I n  t h e  event  o f  f a i l u r e  o f  in-vessel  p o s t  acc iden t  heat removal we a l s o  

expressed our  concern rega rd ing  t h e  containment margins f o r  a p o s t u l a t e d  core 

mel t - through acc ident .  We d i d  agree t h a t  t h i s  was a low l i k e l i h o o d  event b u t  

t h a t  t h e  r e s i d u a l  r i s k  was n o t  d i sm iss ib le .  I n  I t em 4, Conclusions and Advice, 

o f  Supplement 2 i t  was recommended t h a t  t h e  P r o j e c t  con t rac to rs  evaluate t h e  

bes t  method f o r  reducing the  consequences o f  e a r l y  containment f a i l u r e  t imes 

and develop emergency plans. 

t r a p s  i n  t h e  b u i l d i n g  exhaust system be examined by t h e  P r o j e c t  con t rac to rs  t o  

reduce t h e  r a d i o l o g i c a l  consequences. 

t h e  r e a c t o r  c a v i t y  l i n e r  be i n s t a l l e d  and an emergency p l a n  f o r  FFTF be pre-  

pared. These i tems were subsequently addressed by t h e  P ro jec t .  The P r o j e c t  

con t rac to rs  have argued t h a t  t h e  s t a f f  was t r e a t i n g  core meltdown as a design 

bas i s  acc iden t  and i n  a p e s s i m i s t i c  and very conservat ive manner r a t h e r  than 

as a mechanist ic o r  more l i k e l y  course o f  events. The p r i n c i p a l  d i f f e r e n c e s  
a t  t h i s  p o i n t  i n  t ime  between %he P r o j e c t ' s  eva lua t i on  and ours i s  t h e  

t reatment  o f  t h e  sodium/concrete and fue l - s tee l / conc re te  a t t a c k  r a t e s  and t h e  

We suggested t h a t  scrubbers, f i l t e r s  and i o d i n e  

It was a l s o  suggested t h a t  vents  f o r  

manner i n  which r a d i o a c t i v i t y  i s  released. 

c o n t r o l l e d  re lease  r a t e  and d iscuss t h i s  approach f u r t h e r  i n  Sect ion 15.3.7. 

We a l s o  urge f u r t h e r  cons ide ra t i on  o f  t h e  problem o f  hydrogen accumulation, 

p a r t i c u l a r l y  w i t h  rega rd  t o  any i n f o r m a t i o n  t h a t  may be developed as a r e s u l t  

o f  l a rge -sca le  t e s t s .  

We advocate cons ide ra t i on  o f  a 

P i p i n g  I n t e g r i t y  - Wi th respec t  t o  pr imary coo lan t  system p i p i n g  i n t e g r i t y ,  

t h e  s t a f f  i n  i t s  , l e t t e r  o f  June 11, 1976 t o  M r .  R. L. Ferguson c o n d i t i o n a l l y  

accepted t h e  P r o j e c t ' s  p o s i t i o n  f o r  t h e  c o l d  l e g  p i p i n g  i n t e g r i t y  i n  Appendix 

B o f  t h e  F i n a l  Safety  Ana lys i s  Report w i t h  severa l  q u a l i f i c a t i o n s .  The 

f o l l o w i n g  q u a l i f i c a t i o n s  were s t a t e d  i n  our  recommendation: 

Perform p rese rv i ce  u l t r a s o n i c  base l i n e  i n s p e c t i o n  o f  t h e  pr imary heat  

t r a n s p o r t  system wherever poss ib le ,  cons ide r ing  the  s t a t u s  o f  

cons t ruc t i on .  

Prov ide access'for vo lumet r i c  i n s e r v i c e  i n s p e c t i o n  o f  se lec ted  h i g h l y  

s t ressed  welds. 

Model a f u l l  s i z e  mock-up o f  t h e  r e a c t o r  and guard vessel t o  demonstrate 

t h e  s e n s i t i v i t y  and r e l i a b i l i t y  o f  t h e  sodium l e a k  d e t e c t i o n  systems i n  

an opera t i ng  s i t u a t i o n  and p r o v i d e  a method o f  p e r i o d i c  v e r i f i c a t i o n  o f  

system operabi 1 i ty. 

Prov ide p e r i o d i c  r e a c t o r  coo lan t  systems i n t e g r i t y  v e r i f i c a t i o n  capab i l -  

i t y  by us ing  m a t e r i a l  s u r v e i l l a n c e  specimens or  by removing a h i g h l y  

s t ressed  p i p e  s e c t i o n  o r  f i t t i n g  f o r  m e t a l l u r g i c a l  examination. 
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The P r o j e c t ' s  response t o  our  recommendations was prov ided i n  Supplement 2 t o  

the  F i n a l  Safety  Analys is  Report. The response i n  substance was: 

(a) Preserv ice i n s p e c t i o n  would be performed p r i o r  t o  r e a c t o r  s t a r t u p  i f  the  

ongoing u l t r a s o n i c  t e s t  development program i s  successfu l .  

was l a t e r  mod i f i ed  t o  s t a t e  t h a t  t h e  necessary equipment w i l l  n o t  be 

developed be fo re  p l a n t  s ta r tup .  

This  response 

(b) Access t o  s i x  h igh  s t r e s s  welds i n  the  h o t  crossover p i p i n g  i s  be ing  

prov ided w i t h  removable i n s u l a t i o n .  

s t a t e  t h a t  t h i s  w i l l  n o t  be done. 

Th is  response was l a t e r  mod i f i ed  t o  

(c)  It i s  n o t  f e a s i b l e  t o  mock up t h e  r e a c t o r  and guard vessel f u l l  s i ze .  

The Hanford Engineer ing Development Laboratory  w i l l  cont inue development 

o f  aerosol l eak  de tec to r  t e s t i n g  t o  demonstrate i t s  adequacy. P r i o r  t o  

s t a r t u p  an i n s t a l l a t i o n - a s - b u i l t  c o n t i n u i t y  t e s t  w i l l  be performed w i t h  

he l ium t o  demonstrate f u n c t i o n a l  c o n t i n u i t y .  Backup leak d e t e c t i o n  i s  

a l s o  prov ided by t h e  H2 and Na24 d e t e c t i o n  systems. The s t a f f  f i n d s  t h i s  

acceptable. 

(d) I ns tead  o f  c u t t i n g  i n t o  the  heat  t r a n s p o r t  system, a l t e r n a t e  m a t e r i a l  

samples w i l l  be taken from i n - r e a c t o r  components p e r i o d i c a l l y  removed f o r  

m e t a l l u r g i c a l  t e s t i n g .  We recommend t h a t ,  i n  t h e  event any component i s  

removed from t h e  heat  t r a n s p o r t  system, i t  be subjected t o  m e t a l l u r g i c a l  

examination. 

Our recommendation t o  t h e  P r o j e c t  r e f l e c t s  t h e  concern t h a t  confidence i n  the  

o v e r a l l  heat  t r a n s p o r t  system p i p i n g  i n t e g r i t y  i s  p red ica ted  on the  assumption 

t h a t  l i t t l e  degradat ion o f  t h e  r e a c t o r  coo lan t  system w i l l  occur d u r i n g  the  
l i f e  o f  t h e  f a c i i i t y .  

e a r l y  d e t e c t i o n  o f  small  leaks. 

r a t i o n a l e . i s  v a l i d  and f u r t h e r  urge t h a t  a t  l e a s t  one aerosol l eak  d e t e c t i o n  

system, p r e f e r a b l y  t h e  sodium i o n i z a t i o n  de tec to rs ,  be se ismica l  l y  q u a l i f i e d  

and powered by Class 1E power. 

1976, eva lua t i ng  Appendix'B.of t h e  F i n a l  Sa fe ty  Analys is  'Report, remains 

unchanged i n  p r i n c i p l e .  

performed and t h a t  p r o v i s i o n s  be 

imp1 ementa t i o n  o f  advanc 

Assurance i s  t o  be prov ided by p e r i o d i c  i n s p e c t i o n  and 

We s t i l l  are o f  t he  op in ion  t h a t  t h i s  

r e i  

*. 1 

The (guidance p rov ided  i n  our  l e t t e r  o f  June 11, 

We urge t h a t  convent ional  p rese rv i ce  i n s p e c t i o n  be 
i t  . 6 4  {, ' 1 9 ' i r .  

e f o r  l a t e r  i n s e r v i c e  i nspec t i on ,  w i t h  

s as soon a s ' p r a c t i c a ~ .  
. . .  > J  ~ 

- >  

t I  

(4) C e l l  L i n e r  I n t e g r i t y  - - I n  our  l e t t e r  o f  August 9,l 1977,' we requested a d d i t i o n a l  

i n fo rma t ion  and s t a t e d  t h a t  our  ' p re l im i  

i n d i c a t e d  t h a t  thebe e x i s t e d  a p o i e n t i a l  chal lenge t o  containment i f  l i n e r  

f a i l u r e  e i t h e r  e x i s t e d  be fo re  o r  occurred d u r i n g  a major sodium s p i l l  and 

s i g n i f i c a n t  q u a n t i t i e s  o f  sodium and concrete sur face areas come i n  con tac t  

w i t h  each other .  

e v a i u a t i o n  o f  major sodium s p i l l s  

Independent t e s t s  conducted a t  Sandia Laboratory  
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have i n d i c a t e d  sodium concrete r e a c t i o n  r a t e s  considerably  g rea te r  than those 
being used by the  Hanford Engineering Development Laboratory. We, the re fo re ,  

requested t h a t  p lans be proposed by the  Hanford Engineering Development 

Laboratory t o  demonstrate the fu t i c t i ona l  c a p a b i l i t y  o f  t he  s t e e l  l i n e r s  through- 

ou t  t he  l i f e  o f  t he  f a c i l i t y  f o r  bo th  t h e  r e a c t o r  c a v i t y  and the  pr imary heat  

t r a n s p o r t  system c e l l s .  

The P r o j e c t  responded i n  Supplement 17 t o  t h e  F i n a l  Safety  Analys is  Report 

i n d i c a t i n g  t h a t  c a v i t y  and leak  r a t e  t e s t s  would be performed p r i o r  t o  sodium 

f i l l ,  t h a t  a t e s t  would be performed a t  0.25 p s i g  and t h a t  t he  pe rm iss ib le  

l eak  r a t e  would be 1 volume percent  pe r  day. No t e s t s  o the r  than t h i s  a re  

be iqg planned. 

success o f  the LT-1 t e s t .  We acknowledge t h a t  t he  LT-1 t e s t  was a successfu l ,  

b u t  l i m i t e d ,  demonstration. 

c a p a b i l i t y  o f  t he  s t e e l  l i n e r  i s  mainta ined over t h e  l i f e  o f  t he  f a c i l i t y ;  

t he re fo re ,  we s t i l l  recommend t h a t  t he  P r o j e c t  i nc lude  i n  the  techn ica l  

s p e c i f i c a t i o n s  a p e r i o d i c  v e r i f i c a t i o n  t e s t  p lan.  We consider  t h a t  i t  i s  the  

P r o j e c t ' s  r e s p o n s i b i l i t y  t o  propose an adequate program t o  assure the  con t inu ing  
f u n c t i o n a l  c a p a b i l i t y  t o  p lace  r e l i a n c e  on c e l l  l i n e r s  and welds d u r i n g  t h e  

l i f e  o f  t he  f a c i l i t y  f o r  t he  u n l i k e l y  event o f  a major sodium re lease acc ident .  

We were advised on J u l y  25, 1978 t h a t  such p lans a re  i*n p repara t i on .  

The P r o j e c t ' s  j u s t i f i c a t i o n  f o r  t h i s  p o s i t i o n  i s  t he  apparent 

We are concerned about assur ing t h a t  t he  f u n c t i o n a l  

( 5 )  Loose Par t s  M o n i t o r i n g  - We b e l i e v e  the  FFTF should have a method o f  d e t e c t i n g  

loose p a r t s  i n  the  r e a c t o r  coo lan t  system and recommend the  a d d i t i o n  o f  such a 

system t o  the FFTF. We understand t,hat t he  Department o f  Energy i s  develop ing 

such a device a t  Argonne Na t iona l  Laboratory  and we encourage c o n t i n u a t i o n  o f  

i t s  development. 

device when i t  i s  developed. 

The P r o j e c t  has s t a t e d  i t s  i n t e n t i o n  t o  i n s t a l l  such a 

(6) Maximum Fuel Channel E x i t  Temperature - We based our  eva lua t i on  on t h e  

presumption t h a t  no b o i l i n g  w i l l  be a l lowed i n  the  core. 

u n c e r t a i n t i e s  i n  h o t  channel f a c t o r s ,  f l o w  under n a t u r a l  c i r c u l a t i o n  and the  

s c a r c i t y  o f  experimental data, we recommend t h a t  t h e  maximum f u e l  channel e x i t  

temperature be 1670OF r a t h e r  than 1705OF. 

o f  our recommendation. 

Consider ing t h e  

The P r o j e c t  has i n d i c a t e d  acceptance 

(7) Tornado Condi t ions - Our view t h a t  t h e  implementation o f  t h e  mod i f i ed  design 

t o  s a t i s f y  tornado c r i t e r i a  (Table 1.3-1, F i n a l  Safety  Analys is  Report) 

represents a depar ture from t h e  s p i r i t  and i n t e n t  behind the  guidance prov ided 

by the  General Design C r i t e r i a  and t h e  defense-in-depth s a f e t y  phi losophy. We 

view t h a t  recove r ing  from a planned shutdown i s  a more o r d e r l y  process than 

recove r ing  from an unplanned shutdown i n  which d e b r i s  may o b s t r u c t  t he  access 

o f  p l a n t  operators  and prevent  c e r t a i n  operat ions from being c a r r i e d  ou t  i n  a 

t i m e l y  manner. We t h e r e f o r e  recommend shutdown o f  t he  f a c i l i t y  when severe 
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weather conditions exist which are conducive to the formation of a tornado. 
We have been advised tbat the Project is in accord with this principle. 

(8) Containment Isolation Valve Position Indicators - It was the staff's opinion 
that the containment isolation valve position indicator transmitters should be 
protected, including the wiring, and powered by Class IE power, and that the 
valve positions should be displayed in the control room for operator informa- 
tion at all times. Since, as mentioned earlier, the Project intends to bring 
the plant to an orderly shutdown in the event of conditions conducive to 
tornado formation, we have modified our position ,and find the proposed system 
design, including the use of control power for position indication, acceptable 
pending demonstration that the use of control powizr will not cause false 
signals to occur. 

(9) Control Room Isolation - We believe that the control room air intakes should 
be protected against tornado missiles, including safety-related instrumenta- 
tion and wiring. Class IE power should be provided. 
are considered to be the radiation, sodium oxide and chlorine detectors. 
Recently we have been advised that the above, except for the chlorine detector, 
are on Class IE power. We will address this in a supplement to this report. 

Safety-related instruments 

(10) Fire Hazards Analysis - The fire hazards analysis was not submitted initially 
with the Final Safety Analysis Report. 
delayed and will be addressed in a supplement to this report. 

Our review of this subject has been 

(11) Closed Loops - The closed loop review has been deferred until the design is 
completed and will be addressed in a supplement to this report. 
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. . .  . . . .  

2.0 SITE CHARACTERISTICS 

2.1 Geography and Demography 

The Fas t  F lux  Test  F a c i l i t y  i s  l oca ted  on t h e  Department o f  Energy's Hanford s i t e  

which i s  s i t u a t e d  i n  the  south-centra l  p o r t i o n  o f  t he  S ta te  o f  Washington. The 

d i s tance  t o  t h e  nearest  boundary o f  t h e  Hanford s i t e  i s  4-1/2 m i les  eas t  o f  t h e  

FFTF. 

w i t h  respec t  t o  nearby centers  o f  popu la t i on .  

F igu re  2.1-1 i l l u s t r a t e s  t h e  l o c a t i o n  o f  the Hanford s i t e  i n  t h e  s t a t e  and 

The Department o f  Energy has es tab l i shed  a 1-1/2 m i l e  c o n t r o l  r a d i u s  surrounding 

t h e  p l a n t  and s t a t e s  t h a t  a t  t h i s  t ime  the re  a r e  no a c t i v i t i e s  w i t h i n  t h a t  area 

which a re  un re la ted  t o  ope ra t i on  o f  t h e  FFTF. 

Department o f  Energy, t rave rses  the  c o n t r o l  area about one m i l e  no r theas t  o f  t h e  

reac to r .  

Highway RT-4, which i s  owned by t h e  

Popu la t i on  surrounding t h e  area i s  sparse, and t h e  P r o j e c t  i n d i c a t e s  no r e s i d e n t i a l  

popu la t i on  w i t h i n  5 mi les.  F igu re  2.1-2 i l l u s t r a t e s  t h e  cumulat ive 1970 popu la t i on  

w i t h i n  50 m i les  and Table 2.1-1 shows t h e  1970 and p r o j e c t e d  popu la t i on  t o  the  yea r  

2000 w i t h i n  10 m i l e s  o f  t h e  s i t e  as p rov ided  by the  P ro jec t .  

o f  popu la t i on  a re  t h e  communities o f  Kennewick, Pasco, Richland, and West Rich land 

which l i e  south and eas t  o f  t h e  s i t e .  The nearest  r e s i d e n t i a l  area o f  Rich land 

The nearest  cen te rs  

begins about 8 m i l e s  south-southeast o f  t h e  s i t e .  

p o p u l a t i o n  o f  these communities and t h e i r  p r o j e c t e d  growth t o  t h e  yea r  2000. 

Table 2.1-2 l i s t s  t h e  1970 

Based on our rev iew o f , t h e  l o c a t i o n  o f  the. FFTF w i t h i n  t h e  Hanford Reservation, t h e  

c o n t r o l s  exerc ised over  access t o  t h e  r e s e r v a t i o n  as w e l l  as t h e  s i t e ,  and t h e  

l o c a t i o n  and d i s t r i b u t i o n  o f  p o p u l a t i o n  around t h e  s i t e ,  we conclude t h a t  w i t h  

respec t  t o  these c h a r a c t e r i s t i c s  t h e  s i t e  i s  w e l l  s u i t e d  f o r  an experimental reac to r  

such as t h e  FFTF. - 

2.2 Meteorology i 

To ensure t h a t  s a f e t y - r e l a t e d  p l a n t  design and opera t i ng  bases a re  w i t h i n  Commis- 

s i o n  gu ide l i nes  r e q u i r e s  an e v a l u a t i o n  o f  r e g i o n a l  and l o c a l  c l i m a t o l o g i c a l  informa- 

t i o n ,  ;ncluding occurrences o f  extremes o f  c l i m a t e  and severe weather which may 

a f f e c t ' i a f e  design and s i t i n g  o f  a nuc lea r  power p l a n t .  

p o s t u l a t e d  acc iden ta l  and r o u t i n e  opera t i ona l  re leases a r e  wi th in  these g u i d e l i n e s  

r e q u i r e s  an eva lua t i on  o f  t h e  atmospheric d i f f u s i o n  c h a r a c t e r i s t i c s  i n  t h e  v i c i n i t y  

o f  t h e  proposed s i t e .  

I ,. 

To determine t h a t  

Our eva lua t i on  and d e s c r i p t i o n  O f  t h e  meteoro log ica l  
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TABLE 2.1-1 

PROJECTED POPULATION WITHIN i o  MILES OF FFTF  SITE^ 

2000 

N O\ 0 0 0 

NNE 25 27 30 33 

- DIRECTION 1970 1980 1990 

NE 

ENE 

E 

ESE 

SE 

SSE 

S 

ssw 
sw 
wsw 
w 
WNW 
NW 

78 

135 

147 

135 

90 

4200 

1260 

153 

76 

0 
0 

0 
0 

84 

145 

158 

145 

97 

4523 

1357 

165 

83 

0 
0 

0 

0 

95 

164 

178 

184 

109 

5106 

1532 

186 

92 

0 
0 

0 
0 

104 

180 

195 

180 

119 

5591 

1717 

204 

101 

0 
0 

0 

0 

NNW 0 0 0 0 

P r o j e c t i o n  based on pe rcen t  (%) f o r e c a s t  es tab l i shed  by S ta te  o f  Washington 

f o r  p o p u l a t i o n  growth r a t e  through t h e  decade o f  1990's. 

a 

TABLE 2.1-2 -~ 

POPULATION PROJECTIONS 

TOWN 

(INCORPORATED CITY LIMITS) 1970a 1974b 1980' 199 C 0 OC 

Kennewick 

Pasco 

Rich land 

West Ri,chland 

15,212 18,234d 19,638 22,191 24,299 

13,920 16,565 16,565 19,712 23,457 

26,290 28,000 28,393 30,664 33,117 

1,107 1,247 1,389 1,556 1,745 

a1970 U.S. Census Report 

b"State o f  Washington Popu la t i on  Trends 1974," O f f i c e  o f  Program Planning and 

F i s c a l  Management, Olympia, Washington, August, 1974. 

'State Highway Department P ro jec t i ons  Based on Benton-Frank1 i n  Governmental 

Conference. 

d''1975 Special Census f o r  t h e  City o f  Kennewick," C i ty  o f  Kennewick Planning 

Department, Kennewick, Washington. 
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c h a r a c t e r i s t i c s  o f  t h i s  s i t e  fo l l owed  t h e  procedures o u t l i n e d  i n  Sections 2.3.1 

through 2.3.5 o f  t he  Standard Review Plan. 

2.2.1 Regional C1 i m a t m  

The Columbia Basin o f  western Washington has a m i l d ,  d r y  c l i m a t e  as a r e s u l t  o f  

f requen t  i ncu rs ions  o f  mar i t ime p o l a r  a i r  from t h e  Nor thern P a c i f i c  Ocean i n t o  a 

b a s i c a l l y  c o n t i n e n t a l  steppe type c l i m a t i c  area. Although mar i t ime p o l a r  a i r  

masses a re  predominant over t h e  bas in,  t he  a i r  u s u a l l y  loses most o f  i t s  mois ture 

i n  ascending the  western slopes o f  t h e  Cdscades and i s  warmed i n  descending t h e  

eastern slopes. 

i n t e r i o r  o f  t he  con t inen t .  

l a r g e  annual range o f  temperatures i n  t h e  reg ion  and a l s o  can cause l a r g e  d i u r n a l  

temperature ranges. 

annua l l y  over the  southeastern Columbia Basin, w h i l e  temperatures below O°F may be 

expected on f o u r  days annual ly .  Temperatures w i l l  be below 32OF on about 120 days 

each yea r ,  and on about 20 o f  these days the  temperature w i l l  n o t  r i s e  above the  

f r e e z i n g  mark. 

Occasional ly  c o n t i n e n t a l  a i r  penetrates i n t o  the  bas in  from the  

These c o n t i n e n t a l  a i r  masses a re  respons ib le  f o r  t he  

Temperatures of 90°F o r  h ighe r  may be reached on about 50 days 

Since the  bas in  i s  i n  t h e  " r a i n  shadow" o f  the Cascades, r a i n f a l l  i s  sparse i n  t h e  

reg ion ,  averaging o n l y  s i x  t o  e i g h t  inches annually. The annual snowfa l l  averages 

from about 10 t o  20 inches over the  basin. The FFTF i s  designed f o r  a snow load  o f  

20 pounds per  square f o o t .  Based on t h e  reg iona l  h i s t o r i c a l  data, we consider  t h a t  

t h i s  va lue i s  reasonable f o r  t he  FFTF s i t e .  

w h i l e  f r e e z i n g  r a i n  may occur seven days annual ly .  

H a i l  may occur one day each year, 

Although in f requen t ,  thunderstorms, dus t  storms, and tornados can a f f e c t  t he  s i t e  

area. 

August. 
under seven m i les  about 20 hours annua1,ly. 

Thunderstorms occur about 10 days annual ly ,  predominantly between May and 

Between 1940 and 1970, dust  o r  b lowing dus t  and sand reduced v i s i b i l i t y  t o  

I 

Table 2.2-1 l i s t s  t h e  design bas i s  tornado parameters ,for which t h e  FFTF i s  designed 

and the  tornado parameters we est imated by our  s i t e - s p e c i f i c  ana lys i s  based on t h e  

methods o u t l i n e d  by Markee, e t  a1 (1974). 

t he  design bas i s  to'rnado parameters f o r  Regulatory Guide 1.76 Tornado I n t e n s i t y  

Region I11 ( i n  which t h e  p l a n t  i s  located). 

when no s i t e - s p e c i f i c  analys is ,has been done. 

Dur ing t h e  c o n s t r u c t i o n  rev iew f o r  t h e  FFTF, t h e  Atomic Energy Cowmission Regula- 

t o r y  S t a f f  and t h e  Adv 

c r i t e r i a  then es tab l i shed  for.Jhe eas te rn  Un i ted  States should a l s o  be app l i ed  t o  

the  western p a r t  of t h e  Un i ted  States. 

300 mph t a n g e n t i a l  speed p l u s  a 60 mph t r a n s l a t i o n a l  speed. The FFTF P r o j e c t  

presented i n f o r m a t i o n  suppor t ing a view t h a t  tornados were l e s s  severe i n  t h e  

Hanford area and recemmended t h a t  t h e  tornado should be 175 mph (150 mph t a n g e n t i a l  

For comparison, t h i s  t a b l e  a l s o  l i s t s  

These values a re  genera l l y  considered 

i (  

? ,  

ry  Committee on Reactor Safeguards concluded t h a t  tornado 

These c r i t e r i a  i nc luded  a tornado w i t h  a 
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TABLE 2.2-1 

DESIGN B A S I S  TORNADO CHARACTERISTICS FOR THE FFTF SITE 

The values l i s t e d  are those est imated f o r  t h e  FFTF s i t e  us ing d i f f e r e n t  a n a l y t i c a l  

methods. The column labe led  "FFTF Design" are those f o r  which the  p l a n t  i s  designed 

and supported by F u j i t a  (1976). 

t he  methods o f  Markee, e t  a1 (1974). For comparison "R.G.  1.76 Region 111" values 

are inc luded;  we consider  t h a t  these l a t t e r  values are acceptable f o r  a s i t e  i n  

t h i s  reg ion  f o r  which no s i t e - s p e c i f i c  ana lys i s  has been done. 

"NRC S i t e - S p e c i f i c "  values are our  est imates us ing 

Tornado Parameter 

NRC 
S i t e  RG. 1.76 FFTF 

D e !  S p e c i f i c  Region 111 - 
Maximum Speed (miles/hour) 175 21 5 240 

Max. T rans la t i ona l  Speed (miles/t)our) 25 45 ' 50 
To ta l  Pressure Drop (pounds/inch )2 0.75 1.0 1 . 5  
Rate o f  Pressure Drop (poundd inch  / 0.25 0.4 0 . 6  

Ro ta t i ona l  Speed (miles/hour) 150 170 190 

second) 

speed p l u s  25 mph t r a n s l a t i o n a l  speed). 

centered on the  a p p l i c a b i l i t y  o f  eastern Uni ted States data a t  Hanford i n  view o f  

i t s  s p e c i f i c  geographic and meteoro log ica l  s e t t i n g  and the  r e l i a b i l i t y  o f  t he  data 

f o r  western tornados. 

c a p a b i l i t y  o f  proposed f a c i l i t i e s  t o  su rv i ve  more severe tornados than the design 

bases they proposed. 

November 19, 1971, concluded t h a t  t h e  P r o j e c t  arguments had m e r i t  and t h a t  t he  

proposed 175 mph c r i t e r i a  was acceptable. 

Disagreements between the  two s t a f f s  

I n  a d d i t i o n .  t h e  FFTF P r o j e c t  q u a l i t a t i v e l y  acknowledged the  

Based on these d iscuss ions t h e  Atomic Energy Commissioners on 

Fo l l ow ing  the  Commissioners' dec i s ion .  Regulatory Guide 1.76, "Design Basis Tornado 

f o r  Nuclear Power Plants , "  was issued i n  A p r i l  1974. 

tornado design parameters f o r  t he  Un i ted  States. 

s p e c i f i c  a n a l y s i s  i f  s u f f i c i e n t  l o c a l  i n f o r m a t i o n  were a v a i l a b l e .  

This  guide reg iona l i zed  

The guide a l so  a l lowed a s i t e -  

I n  support of t h e i r  F i n a l  Safety Analys is  Report, the P r o j e c t  s*ipplemented t h e i r  

tornado ana lys i s  f o r  t he  c o n s t r u c t i o n  rev iew w i t h  a r e p o r t  by F u j i t a  (1976) which 

updated h i s  o r i g i n a l  rev iew o f  t he  s i t e  ( F u j i t a  1970). F u j i t a  (1976) added s i x  

years o f  data and assessed tornado occurrences between 1950 and 1975 w i t h i n  the  

reg ion.  He used two methods t o  est imate to rnad ic  winds as a f u n c t i o n  o f  proba- 

b i l i t y  o f  occurrence i n  t h e  reg ion.  H is  conclus ions from t h e  updated study sup- 

po r ted  the  design bas i s  tornado parameters which the  Atomic Energy Commissioners 

approved and f o r  h h i c h  the  FFTF i s  designed. 

' 



~~ 

I 

Our review o f  t he  F u j i t a  ana lys i s  s t i l l  i d e n t i f l e a  severa l  concerns: 

It uses the  "DAPPLE" method f o r  computing tornado p r o b a b i l i t i e s .  

i s  based on data from a tornado outhreak o f  A p r i l  1974 i n  t h e  eastern Uni ted 

States. This  method has n o t  beeti submitted f o r  gener ic  rev iew,  nor has i t  

been adcpted f o r  tornado i n t e r i s i t y  determinat ions.  

This  method 

Use o f  a more " r e f i n e d "  method f o r  es t ima t ing  torriado p r o b a b i l i t i e s  (such as 

the  "DAPPLE" method) may n o t  tie 

t a i n t i e s  o f  tornado r e p o m n g .  

tornados which have occurred i n  

t h e i r  s i zes  have been,est imated 

been p r o p e r l y  c l a s s i f i e d .  

j u s t i f i a b l e  considerng the  present  uncer- 

Such u n c e r t a i n t i e s  include-whetJher most o f  the 

the  s i t e  v i c i n i t y  have been observed, whether 

c o r r e c t l y ,  and whether t h e i r  i n t e n s i t i e s  have 

Because t h e  P r o j e c t  supp l i ed  reg iona l  tornado in fo rma t ion ,  we c a l c u l a t e d  estimates 

o f  t he  tornado parameters s p e c i f i c a l l y  f o r  t he  FFTF s i t e .  

about the  P r o j e c t ' s  a n a l y t i c a l  method, we have kept  our  ana lys i s  method cons is ten t  

w i t h  t h a t  o u t l i n e d  by Markee, e t  a l .  (1974). 

(1976) r e p o r t .  

a v a i l a b l e  f o r  t he  reg ion  and i s  c o n s i s t e n t  w i t h  our  ana lys i s  method. 

Due t o  c u r  concerns 

We used t h e  tornado data i n  the F u j i t a  

We consider  t h a t  t he  data base o u t l i n e d  by F u j i t a  i s  t he  bes t  
0 

Our ana lys i s  considered o n l y  the  reg ion  which we concluded t o  be me teo ro log i ca l l y  

and topograph ica l l y  homogeneous w i t h i n  a 150-mile rad ius  o f  t he  s i t e  (genera l l y  t he  

f l a t t e r  t e r r a i n  eas t  o f  t he  Cascades). Twenty-two tornados occurred i n  t h i s  reg ion  

over t h e  26-year p e r i o d  o f  record.  

reg ion  was c a l c u l a t e d  t o  be 0.5 square m i les .  

tornado a t  t he  p l a n t  s i t e  i s  c a l c u l a t e d  t o  be 120,000 years. 

The expected pa th  area o f  a tornado i n  t h i s  

Thus the  recurrence i n t e r v a l  f o r  a 

Table 2.2-1 l i s t s  our tornado parameter est imates, l abe led  "NRC S i t e - S p e c i f i c . "  A 
tornado o f  t he  s e v e r i t y  o f  our  design bas i s  tornado has a p r o b a b i l i t y  o f  occurrence 
o f  approximately l o m 7  per  year .  Using our  est imate as a base, we conclude t h a t  a 

tornado the  s i z e  o f  t he  design bas i s  tornado f o r  which the  FFTF i s  designed has a 

p r o b a b i l i t y  o f  occurrence o f  about 4 x pe r  year .  . 

Based on reg iona l  data, we consider  t h a t  t h e  opera t i ng  bas i s  wind speed (de f i ned  as 

t h e  " f a s t e s t  m i l e "  wind speed a t  a h e i g h t  o f  30 f e e t  w i t h  a . re tu rn  p e r i o d  o f  100 
years)  o f  100 m i les  pe r  hour, f o r  which the  FFTF i s  designed, t o  be reasonable f o r  

t h i s  s i t e .  

p l a n t  s i t e  on the  Hanford Reservation meteorology tower has been a gust  t o  80 
m i les  pe r  hour (January 1972). 

We conclude t h a t  t h e  FFTF F i n a l  Sa fe ty  Analys is  Report has s u f f i c i e n t l y  descr ibed 

the  reg iona l  c l ima to logy  and severe weather phenomena which a re  impor tant  t o  the 

design o f  t h e  f a c i l i t y .  

The h ighest  wind speed recorded a t  e leva t i ons  rep resen ta t i ve  o f  t he  

, 
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2.2.2 Local Meteorology 

To assess t h e  l o c a l  meteoro log ic  1 ch r a c t e r i  t i c s  o f  t he  FFTF s i t e ,  we V 1 u a t  d 

c l i m a t o l o g i c a l  data t h a t  have been recorded i n  the  Hanford Reservation area s ince  

1912. Data s i m i l a r  t o  those recorded a t  Na t iona l  Weather Serv ice s t a t i o n s  have 

been observed s ince 1945, w i t h  the  pr imary observat ion s t a t i o n  l oca ted  about 16 

m i les  nor thwest  o f  t h e  FFTF s i t e .  Data are a l s o  a v a i l a b l e  from the  WPPSS nuc lear  

p l a n t  s i t e  l oca ted  about 2-1/2 m i les  no r th -no r theas t  o f  t h e  s i t e  (WPPSS, 1974). 

These data a re  reasonably rep resen ta t i ve  o f  cond i t i ons  expected a t  t h e  s i t e .  

I n  the  s i t e  area, average d a i l y  maximum and minimum temperatures range between 90' 

and 6 loF  i n  Ju l y ,  t h e  warmest month, and between 37O and 22OF i n  January, t h e  

coo les t  month. 

t he  extreme minimum temperature has been -27OF (December 12, 1919). 

The extreme maximum temperature recorded was 115'F ( J u l y  27, 1939); 

Hanford receives about 6.3 inches o f  r a i n  annual ly .  November, December, and 

January are the  "we t tes t "  months, t o t a l l i n g  an average o f  2.6 inches. For J u l y ,  
August, and September, t he  combined average i s  l e s s  than  0.7 inches. The maximum 

24-hour r a i n f a l l  recorded has been 1.9 inches (October 1957). Snowfal l  averages 13 
inches pe r  year ,  w i t h  7.1 inches being the  g r e a t e s t  snowfa l l  over a 24-hour p e r i o d  

(January 1954). Heavy fogs ( v i s i b i l i t y  o f  0 .4 k i l omete r  (1/4 m i l e )  o r  l e s s )  occur 

24 days annual ly ,  w i t h  80 percent  o f  t h e  d a i l y  occurrences recorded between 

November and January. 

For the  two-year p e r i o d  o f  A p r i l  1974 through March 1976, t h e  windf low over the  

s i t e ,  as measured a t  t he  10-meter (33- foot )  l e v e l  o f  t h e  WPPSS meteoro log ica l  

tower, occurred about 60 percent  o f  t he  t ime from t h e  south- and north-westward 

d i r e c t i o n s .  F igu re  2.2-1 shows t h e  d i r e c t i o n a l  frequency o f  t he  s i t e  v i c i n i t y  

winds. Winds were calm, t h a t  i s  windspeeds l e s s  than 0.22 meters p e r  second (0.5 

m i l e  pe r  hour) l e s s  than 0.1 percent  o f  t.he t ime  a t  t he  10-meter (33- foot )  l e v e l .  

We conclude t h a t  s u f f i c i e n t  i n f o r m a t i o n  e x i s t s  t o  descr ibe cond i t i ons  which a re  

impor tan t  t o  t h e  safe design o f  t h e  f a c i l i t y .  

2.2.3 Onsi te  Meteoro log ica l  Measurements Program 

The o n s i t e  meteoro log ica l  measurements program f o r  t h e  FFTF s i t e  cons is t s  o f  measure- 

ments o f  wind speed and d i r e c t i o n  a t  13 f e e t  above ground l e v e l  on a mast 1000 f e e t  

east -nor theast  o f  t h e  containment b u i l d i n g .  The data from t h i s  system a re  n o t  

s u f f i c i e n t  i n  themselves t o  use i n  e s t i m a t i n g  atmospheric d i f f u s i o n  f o r  t h e  s i t e ;  

however, o t h e r  measurement programs e x i s t  on t h e  Hanford Reservation which can be 

used t o  est imate atmospheric d i f f u s i o n  f o r  t h e  FFTF s i t e .  

I n  our  ana lys i s  we have used data from t h e  meteoro log ica l  measurements program o f  

t h e  WPPSS 1, 2 and 4 s i t e .  Th i s  program c o n s i s t s  o f  a 245- foot  h i g h  tower l oca ted  
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s 
Figure 2.2-1 Directional Frequency of Wind - WPPSS Site 

Data a t  33 feet above ground level, April 1974 
through March 1976. Bars show the direction 
from which the wind blows. Calms are those 
winds with hourly average speeds less than 0.22 
meters per second (0.5 miles per hour). This 
site is located 2% miles north-northeast of the 
FFTF facility. 

2-9 



about 2-1/2 m i les  no r th -no r theas t  o f  t h e  FFTF. Table 2.2-2 l i s t  t he  parameters 

measured and t h e  measurement l e v e l s  on the  tower (WPPSS 1974). Th is  program meets 

the  r e g u l a t o r y  p o s i t i o n  conta ined i n  Regulatory Guide 1.23, "Onsite Meteoro log ica l  

Programs. " 

To c a l c u l a t e  our atmospheric d i f f u s i o n  estimates, we used the  j o i n t  frequency 

d i s t r i b u t i o n s  o f  wind speed and d i r e c t i o n  by atmospheric s t a b i l i t y  c lass ,  based on 

t h e  v e r t i c a l  temperature g rad ien t ,  c o l l e c t e d  a t  t h e  WPPSS s i t e  du r ing  t h e  p e r i o d  

A p r i l  1974 t o  March 1975. The d i s t r i b u t i o n s  were f o r  wind speed and d i r e c t i o n  

measured a t  the 33- foot  l e v e l  w i t h  the  v e r t i c a l  temperature d i f f e r e n c e  between the  

245- and 33 - foo t  l e v e l s .  The j o i n t  data recovery data f o r  s t a b i l i t y  and wind was 

94 percent .  

Add i t i ona l  meteoro log ica l  measurements are a v a i l a b l e  from the  Hanford main meteoro- 

l o g i c a l  tower ( l oca ted  about 16 m i les  northwest o f  t he  s i t e )  and from a network o f  

remote s t a t i o n s  around the  Hanford Reservation. We consider  t h a t  use o f  t he  measure- 

ment programs a v a i l a b l e  on t h e  r e s e r v a t i o n  can descr ibe the  meteoro log ica l  condi- 
t i o n s  necessary t o  e s t i m a t e  d i f f u s i o n  cond i t i ons  a t  t he  FFTF s i t e .  

TABLE 2.2-2 

WPPSS 1 ,  2, AND 4 METEOROLOGICAL TOWER INSTRUMENTATION 

(Data from t h i s  program were used t o  evaluate 
atmospheric d i spe rs ion  f o r  t he  FFTF s i t e )  

Measured Parameter 

Wind D i r e c t i o n  and Speed 
Dry-bulb Temperature 
Dry-bulb Temperature Gradient  
P r e c i p i t a t i o n  

2.2.4 Short-Term (Acc ident)  D i f f u s i o n  Condi t ions 

E leva t i on  Above Ground 

Feet 

33,245 
33,245 
245-33 

3 

We est imated sho r t - te rm r e l a t i v e  concen t ra t i on  (X /Q)  values f o r  acc iden ta l  re leases 

from p l a n t  b u i l d i n g s  and vents. These values are considered f o r  va r ious  t ime 

pe r iods  f o l l o w i n g  a re lease and a re  f o r  t h e  exc lus ion  area boundary, a 1.5 m i l e  

r a d i u s  from the  containment b u i l d i n g  and t h e  minimum d is tance  t o  t h e  r e s e r v a t i o n  

boundary, a 4.5-mile r a d i u s  from t h e  f a c i l i t y .  We used t h e  WPPSS meteoro log ica l  

data f o r  t he  one yea r  ( A p r i l  1974 - March 1975) o f  data c o l l e c t i o n  w i t h  wind d i r e c -  

t i o n  and speed measured a t  t he  33- foot  l e v e l .  We a l s o  used a c a l c u l a t i o n a l  model 

which considered t h e  v a r i a b i l i t y  o f  meteoro log ica l  cond i t i ons  by d i r e c t i o n  and 

which was more s u i t a b l e  f o r  a s i t e  i n  a dese r t  l o c a t i o n .  
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Table 2.2-3 shows t h e  0-2 hour X/Q values which we est imate w i l l  be exceeded no 

more than 27 hours pe r  year  on the  average a t  t he  exc lus ion  area boundary f o r  each 

o f  16 downwind d i r e c t i o n s .  

f o r  bo th  the  exc lus ion  area boundary and r e s e r v a t i o n  boundary d is tance.  

from t h i s  sec to r  were used i n  our eva lua t i on  o f  shor t - term,acc identa l  re leases and 
-4 are l i s t e d  i n  Table 2.2-4. This  maximum sec to r  0-2 hour X / Q  value o f  1 .4  x 10 

seconds pe r  cub ic  meter w i l l  occur l ess  than f i v e  percent  o f  t he  t ime  (438 hours 

pe r  year)  around t h e  exc lus ion  boundary. 

The southwest downwind sec to r  had the  h ighes t  X / Q  value 

The values 

TABLE 2.2-3 

SHORT-TERM RELATIVE CONCENTRATION BY DOWNWIND D I R E C T I O N  - FFTF S I T E  

The values are the  0-2 hour r e l a t i v e  concentrat ions ( X / Q )  which we est imate w i l l  be 

exceeded no more than 27 hours pe r  year  a t  t he  exc lus ion  boundary ( a  1.5-mi le  

r a d i u s  from t h e  containment b u i l d i n g s )  i t )  t he  downwind d i r e c t i o n  i nd i ca ted .  

Downwind 
Sector 

N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 

X/Q Downwind 
Sector 

s 
-- (seconddmeter ) 

9 x 
8 x ssw 

10 x sw 
9 x wsw 
7 x W 

10 x WNW 
11 x NW 
12 x 10 NNW 

TABLE 2.2-4 

-5 

~- 

X/Q 
(seconds/meter ) 

13 x 10:; 
13 x 
14 x 
12 x 
12 x 
11 x 
7 x 
8 x 10 

SHORT TERM RELATIVE CONCENTRATION VALUES USED 
FOR ACCIDENT ANALYSES - FFTF SITE- ~ . -  

- 1  

The values are est imates o f  sho r t - t e rm r e l a t i v e  concentrat ions ( X / Q )  used t o  evaluate 

acc iden ta l  re leases *from plant. b u i l d i n g s  'and vents. 

t ime  pe r iods  f o l l o w i n g  a r e l e a s e ' a t  t h e ' L x c l u s i o n  area boundary (ER 1.5 m i )  and the  

r e s e r v a t i o n  boundary d is tance '  (RE 4;5 m i ) .  

Time Per iod  Locat ion X/Q ( s e d m e t e r  ) 

0-2 hours ER t '  1.4 x 
2.7 x 
1.9 x 

0-8 hours RB 
8-24 hours RB 
1-4 days RB 8.9 x 
4-30 days , #  RB - I  3.0 x 10 

I . * I  

The values a re  f o r  s p e c i f i c  

3 

-4 

I 2';. 

The P r o j e c t  based i t s  shor t - term r e l a t i v e  concen t ra t i on  values on the  curves p rov ided  

i n  Regulatory Guicie 1.4, Revis ion 2, "Assumptions Used f o r  Eva lua t i ng  t h e  P o t e n t i a l  

Rad io log i ca l  Consequences o f  a Loss-of-Coolant Acc ident  f o r  Pressur ized Water 

Reactors." These values a re  l i s t e d  i n  Table 2.2-5. Regulatory Guide 1.4 s t a t e s  
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that the atmospheric conditions assumed in the guide should be used only until 
adequate site meteorological data are obtained. 
.consider that the meteorological measurement programs available on the Hanford 
Reservation can better describe the meteorological conditions necessary to estimate 
the diffusion conditions at the FFTF site; therefore, we concluded that these 
available data should be used in lieu of Regulatory Guide 1.4 assumptions. We also 
concluded that our evaluation procedures for this site should (1) include recogni- 
tion of experimental data generic to a site in a desert location and (2) provide 
estimates of the variations in atmospheric dispersion that occur as a function of 
wind direction and distance from the source to receptor. 

As discussed in Section 2.2.3, we 

TABLE 2.2-5 

SHORT-TERM RELATIVE CONCENTRATION VALUES 
PRESENTED BY THE FFTF PROJECT 

The values are the short-term relative concentrations (X/Q) presented by the FFTF 
Project in FSAR Table 2.3-12, based on Regulatory Guide 1.4. 
specific time periods following a release and are for the exclusion area boundary 
(ER, 1.5 miles) and the reservation boundary distance (RE,  4.5 miles). 

The values are for 

Time Period 

0-2 hours 
0-8 hours 
8-24 hours 
1-4 days 
4-30 days 

Location 

ER 
RB 
RB 
RB 
RB 

X/Q (sec/meter3) 

1.7 x 
3.8 x 
8.0 x 
2.8 x 
5.8 x 10 

-4 

Our Standard Review Plan procedures involve the use of onsite meteorological data 
in a direction independent model to estimate $tmospheric diffusion conditions which 
occur no more than five percent of the time (438 hours per year) around the site at 
a distance equal to the minimum exclusion boundary distance. An interim Branch 
Technical Position, approved by the Regulatory Requirements Review Committee at 
their May 2, 1978 meeting, allows the use of either this direction independent 
approach or the direction dependent approach as out1 ined in the draft Regulatory 
Guide l.XXX, "Atmospheric Dispersion Models for Potential Accidental Consequences 
Assessments at Nuclear Power Plants. I '  This direction dependent approach considers 
horizontal plume meander, variation of meteorological conditions by direction, and 
variable exclusion area boundaries. In our evaluation we modified the calcula- 
tional procedures described in Standard Review Plan 2.3.4 by using the approach 
outlined in the draft guide. We assumed a ground level release with a building 
wake factor of 550 square meters. 

The Standard Review Plan also requires that we determine whether the lateral and 
vertical plume spread parameters used in our calculational model are conservative 
for estimating relative concentrations. 
data developed at two desert locations (the National Reactor Resting Station, 
Idaho, and the Hanford Area, Washington), we concluded that the overall plume 

Based on atmospheric diffusion field test 
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d ispe rs ion  f o r  s t a b l e  atmospheric cond i t i ons  w i t h  low wind speeds (per iods of 

poorest  d i spe rs ion )  can be l e s s  f o r  a dese r t  c l i m a t e  than t h e  d i spe rs ion  assumed i n  

t h e  d r a f t  Regulatory Guide. 

f a c t o r s  descr ibed i n  the  d r a f t  guide, we used t h e  l a t e r a l  and plume spread f a c t o r s  

based on the  dese r t  data. 

Thus, i n  l i e u  o f  t h e  plume spread and plume meander 

2.2.5 Long-Term (Routine) D i f f u s i o n  Estimates 

Using t h e  33 - foo t  l e v e l  wind data and the  v e r t i c a l  temperature d i f f e r e n c e  data from 

the  WPPSS s i t e ,  we made reasonable est imates o f  average atmospheric d i spe rs ion  

cond i t i ons  f o r  t he  FFTF s i t e  us ing  our atmospheric d i spe rs ion  model f o r  long-term 

re leases.  

Regulatory Guide 1.111, "Methods f o r  Es t ima t ing  Atmospheric Transpor t  and Disper- 

s i o n  o f  Gaseous E f f l u e n t s  i n  Routine Releases from Light-Water-cooled Reactors." 

As suggested i n  Regulatory Guide 1.111 and as discussed i n  Sec t i on  2.2.4, we used 

t h e  v e r t i c a l  d i spe rs ion  parameters developed from atmospheric d i f f u s i o n  data from 

t h e  dese r t  f i e l d  t e s t s .  

est imate o f  maximum increase i n  c a l c u l a t e d  r e l a t i v e  concen t ra t i on  (X /Q)  due t o  the  

s p a t i a l  and temporal v a r i a t i o n  o f  t he  a i r f l o w  n o t  considered i n  t h e  s t r a i g h t - l i n e  

t r a j e c t o r y  model, as discussed i n  Regulatory Guide 1.111. 

Th is  model i s  based on t h e  " S t r a i g h t - L i n e  T r a j e c t o r y  Model" descr ibed i n  

We assumed a ground l e v e l  re lease o n l y  and inc luded  an 

Table 2.2-6 l i s t s  t h e  X/Q values we est imated f o r  ii  d is tance  o f  4.5 m i les  from the  

f a c i l i t y .  

TABLE 2.2-6 

LONG-TERM RELATJVE CONCENTRATION ESTIMATES 

BY DOWNWIND DIRECTION - FFTF S1.E 

The values a re  our est imates o f ' annua l  average r e l a t i v e  concentrat ions (X /Q f o r  t h e  

r e s e r v a t i o n  boundary d i s tance  (a 4.5 m i l e  rad ius )  i n  the  downwind d i r e c t i o n  

i nd i ca ted .  

Oownwi nd X/Q 3 . 
Sector (sec/meter ) 

N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 

-7  6 x 
4 x 
4 x 
4 x 
3 x 
5 x 
7 x 
8 x 10 

Downwind 
-Sector  

S 
ssw 
SW 
wsw 
W 
WNW 
NW 
NNW 

(sedmeter-  X/Q 3 ) 

8 x 10:; 
6 x 

5 x 
4 x 
4 x 

5 x 10 

7 x lo-, 

3 x l o m 7  

2.2.6 Conclusions 

The FFTF F i n a l  Safety  Analys is  Report has p rov ided  s u f f i c i e n t  i n f o r m a t i o n  f o r  us t o  

evaluate t h e  reg iona l  and l o c a l  meteoro log ica l  c o n d i t i o n s  of  importance t o  t h e  
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2.3 

~ 2.4 

design o f  t he  FFTF. The meteoro log ica l  data a v a i l a b l e  on the  Hanfo’rd Reservation 

has prov ided a meteoro log ica l  d e s c r i p t i o n  o f  t he  s i t e  and v i c i n i t y ,  and were used 

as bases f o r  c a l c u l a t i o n  o f  r e l a t i v e  concen t ra t i on  values o f  post -acc ident  and 

annual average atmospheric d i f f u s i o n  cond i t i ons .  Desert cond i t i ons  a t  t he  s i t e  

requ i red  specia l  cons ide ra t i on  o f  d i f f u s i o n  parameters t o  p rov ide  more s u i t a b l e  

estimates o f  r e l a t i v e  concen t ra t i on  valn~es. 

’ 

Hydrology 

The f o l l o w i n g  d iscuss ion i s  abst racted from our Safety  Eva lua t i on  Report f o r  t he  

c o n s t r u c t i o n  stage review; the re  i s  no new in fo rma t ion  which dould change t h e  

f i n d i n g s  made a t  t h a t  t ime. 

The Ben F r a n k l i n  Dam Pool would be a t  e l e v a t i o n  400 f e e t  above mean sea l e v e l .  

Th is  i s  s t i l l  w e l l  below the  r e a c t o r  ope ra t i ng  f l o o r  a t  e l e v a t i o n  550 f e e t .  The 

maximum probable f l o o d  would be a t  e l e v a t i o n  436 f e e t ,  114 f e e t  below the  opera t i ng  

f l o o r  o f  t he  reac to r .  

Ground water i s  about 170 t o  180 f e e t  below grade and i s  h y d r a u l i c a l l y  connected t o  

the Columbia R ive r .  The c o n s t r u c t i o n  o f  t he  Ben F r a n k l i n  Dam would r a i s e  the  l e v e l  

20 t o  50 f e e t  b u t  would n o t  be expected t o  change the  d i r e c t i o n  o f  movement o f  t he  

ground water. 

The water w e l l s  i n  p r o x i m i t y  t o  t h e  s i t e  a re  monitored p e r i o d i c a l l y  f o r  contamina- 

t i o n .  I t  i s  u n l i k e l y  t h a t  a r a d i a t i o n  waste e f f l u e n t  s p i l l  a t  t he  FFTF s i t e  would 

go undetected and contaminate the  po tab le  ground water. 

Our conclus ions reached i n  1972 t h a t  t h e  r e l a t i v e l y  h i g h  s i t e  e l a v a t i o n  i s  w e l l  

above the  p o t e n t i a l  f l o o d  l e v e l  from t h e  Columbia R ive r  and t h a t  t he re  i s  l i t t l e  

l i k e l i h o o d  o f  undetected ground water contaminat ion o r i g i n a t i n g  from t h e  FFTF 

remain unchanged. 

Geology/Seismology 

The geology/seismology f i n d i n g s  f o r  t he  FFTF remain unchanged from t h e  f i n d i n g s  

made i n  1972. 

r e l a t e s  t o  the  Skag i t  f a c i l i t y  west o f  t h e  Cascades and n o r t h  o f  Hanford. This  

concern has s ince  been resolved i n  t h e  course o f  t h e  S k a g i t  rev iew and i s  n o t  

considered t o  be r e l a t e d  t o  t h e  Hariford s i t e .  

The o n l y  p e r t u r b a t i o n  t o  t h e  seismology i n  t h e  S ta te  o f  Washington 

I n  a d d i t i o n  t o  our  rev iew i n  1972, t h e  U.S. Geologica l  Survey and the  Na t iona l  

Oceanic and Atmospheric Admin i s t ra t i on  prepared r e p o r t s  and f i n d i n g s  which were 

i nc luded  as Appendices A and B i n  our 1972 c o n s t r u c t i o n  stage rev iew Safety  Evalua- 

t i o n  Report. 
, 
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We and our  consul tants  concluded a t  t h a t  t ime  t h a t  the seismic design f o r  t he  

design bas i s  earthquake, now r e f e r r e d  t o  as t h e  safe shutdown earthquake, va lue o f  

0.259 i s  adequate f o r  t he  FFTF. We have no bas i s  t o  change t h i s  conclus ion.  
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3.0 DESIGN OF STRUCTURES, COMPONENTS, EQUIPMENT AND SYSTEMS 

3.1 Conformance w i t h  General Design C r i t e r i a  

The Fast F lux  Test F a c i l i t y  was designed and i s  be ing cons t ruc ted  on the  bas is  o f  

the  " P r i n c i p a l  Design C r i t e r i a "  which were conta ined i n  Appendix F o f  the  FFTF 

P r e l i m i n a r y  Safety  Analys is  Report. 

from the  proposed AEC General Design C r i t e r i a ,  which were pub l ished J u l y  11, 1967, 

and mod i f ied  t o  r e l a t e  s p e c i f i c a l l y  t o  FFTF systems. On J u l y  11, 1971, t h e  Atomic 

Energy Commission pub l ished the  General Design C r i t e r i a  as Appendix A t o  10 CFR 

P a r t  50. 

These c r i t e r i a  were adapted by the  FFTF P r o j e c t  

The l i g h t  water reac tors  which we have reviewed f o r  opera t ing  l i censes  i n  recent  

years were designed and cons t ruc ted  on the  bas is  o f  the  proposed 1967 General 

Design C r i t e r i a .  To the  e x t e n t  p r a c t i c a l ,  these app l ican ts  have attempted t o  

comply w i t h  the  newer c r i t e r i a  o f  J u l y  1971. 

and des ign commitments made, the  F ina l  Safety  Analys is  Reports f o r  these l i g h t  

water r e a c t o r s  have discussed the  p l a n t  design w i t h  respect  t o  the  J u l y  1971 

c r i t e r i a .  

Recognizing work a l ready  accomplished 

I n  keeping w i t h  our l i c e n s i n g  p o l i c y  f o r  l i g h t  water reac tors ,  our t e c h n i c a l  rev iew 

has attempted t o  assess the  FFTF des ign aga ins t  the  General Design C r i t e r i a  now i n  

e f f e c t .  However, we found t h a t  the  FFTF F ina l  Safety  Analys is  Report d i d  no t  d i s -  

cuss t h e  FFTF design i n  r e l a t i o n  t o  the  J u l y  1971 c r i t e r i a .  I n  a l e t t e r  t o  the  

P r o j e c t  dated A p r i l  26, 1978, we requested t h a t  the  FFTF P r o j e c t  p rov ide  such a 
d iscuss ion  i n  the  F i n a l  Safety  Analys is  Report, recogn iz ing  t h e  s t a t e  o f  complet ion 

o f  the  f a c i l i t y  and the  f a c t  t h a t  the  FFTF i s  a l i q u i d  meta l -cooled reac tor .  

I n  i t s  May 31, 1978 response, the  FFTF P r o j e c t  s t a t e d  i t s  p o s i t i o n  t h a t  the  1971 

General Design C r i t e r i a  were a p p l i c a b l e  f o r  l i g h t  water r e a c t o r s  on ly ,  and d i d  n o t  

apply  s p e c i f i c a l l y  t o  t h e  FFTF. For t h i s  reason, t h e  P r o j e c t  c la imed t h a t  a com- 

p a r i s o n  aga ins t  t h e  1971 c r i t e r i a  would no t  c o n t r i b u t e  t o  o v e r a l l  FFTF s a f e t y  and 

t h e r e f o r e  was n e i t h e r  necessary nor  warrpnted. 

We do n o t  agree w i t h  the  P r o j e c t ' s  p o s i t i o n .  

C r i t e r i a  (and the  1967 proposed General Design C r i t e r i a  f o r  t h a t  mat te r )  are 

s p e c i f i c a l l y ' o r i e n t e d  toward l i g h t  water  r e a c t o r s ,  the  i n t r o d u c t i o n  t o  Appendix A 

t o  10 CFR P a r t  50 s t a t e s  t h a t  these c r i t e r i a  "a re  in tended t o  p rov ide  guidance i n  

e s t a b l i s h i n g  t h e  p r i n c i p a l  des ign c r i t e r i a  f o r  such o t h e r  ( types)  un i t s . "  

indeed how the  P r o j e c t  es tab l i shed i t s  P r i n c i p a l  Design C r i t e r i a  pub l i shed i n  t h e  

P r e l i m i n a r y  Safety  Analys is  Report. I n  i t s  l e t t e r  o f  August 20, 1976 (see 

Although t h e  1971 General Design 

Th is  was 

3-1 



Appendix B t o  t h i s  r e p o r t ) ,  t he  P r o j e c t  s p e c i f i c a l l y  requested the review o f  t he  

design t o  be comparable i n  t e c h n i c a l  mat ters  t o  a l i censed  p l a n t  review. 

A s  s t a t e d  i n  Sect ion 1.6 o f  t h i s  r e p o r t ,  we recognize t h a t  s p e c i f i c  general design 

c r i t e r i a  and r e g u l a t o r y  guides f o r  l i q u i d  metal f a s t  breeder reac to rs  do n o t  e x i s t .  

However, we b e l i e v e  t h a t  t he  guidance found i n  the  e x i s t i n g  l i g h t  water r e a c t o r  

General Design C r i t e r i a  and Regulatory Guides i s  enough t o  i n d i c a t e  the  dominant 

r o l e  t h a t  s a f e t y  must have i n  nuc lear  p l a n t  design. 

concept i s  t h e  p r i n c i p l e  o f  des ign ing a nuc lear  p l a n t  t o  accommodate a s i n g l e  

f a i l u r e  by means o f  redundant, d i ve rse ,  and independent systems. 

a l though the  a s - b u i l t  FFTF design i s  genera l l y  above average i n  the  q u a l i t y  o f  

components, t h e  P r o j e c t  has n o t  implemented t h i s  defense-in-depth concept t o  the  

e x t e n t  normal ly  expected o f  a l i censed  p l a n t .  

Bas ic  t o  the  defense-in-depth 

I n  our op in ion ,  

Consequently, on a comparab i l i t y  bas i s  w i t h  l i g h t  water reac to rs  the  FFTF design 

would n o t  be judged as having met t h e  s p i r i t  and i n t e n t  o f  c e r t a i n  p o r t i o n s  o f  t he  

e x i s t i n g  General Des.ign C r i t e r i a .  
unacceptable design, i t  does represent  a change i n  r i s k .  

Although t h i s  has n o t  necessa r i l y  l e d  t o  an 

3.2 C l a s s i f i c a t i o n  o f  S t ruc tu res ,  Components, and Systems 

3.2.1 Seismic C l a s s i f i c a t i o n  

As i n  t h e  case o f  l i g h t  water reac to rs ,  we have reviewed the  seismic c l a s s i f i c a t i o n  

methodology used f o r  t he  FFTF aga ins t  t he  approp r ia te  requirements o f  General 

Design C r i t e r i o n  2, "Design Bases f o r  P r o t e c t i o n  Against  Na tu ra l  Phenomena," and 

t h e  recommendations o f  Regulatory Guide 1.29, "Seismic Design C l a s s i f i c a t i o n . "  

General Design C r i t e r i o n  2, "Design Bases f o r  P r o t e c t i o n  Against  Na tu ra l  Phenomena," 

r e q u i r e s  t h a t  nuc lear  power p l a n t  s t r u c t u r e s ,  systems, and components impor tan t  t o  

s a f e t y  be designed t o  w i ths tand  t h e  e f f e c t s  o f  earthquakes w i t h o u t  loss o f  

c a p a b i l i t y  t o  per form t h e i r  s a f e t y  func t i ons .  

necessary t o  assure (1) the  i n t e g r i t y  o f  t h e  r e a c t o r  coo lan t  pressure boundary, 

(2) t he  c a p a b i l i t y  t o  shut  down t h e  r e a c t o r  and ma in ta in  i t  i n  a safe shutdown 

c o n d i t i o n ,  and (3) t h e  c a p a b i l i t y  t o  prevent  o r  m i t i g a t e  t h e  consequences o f  

acc idents  which cou ld  r e s u l t  i n  p o t e n t i a l  o f f s i t e  exposures comparable t o  the  

g u i d e l i n e  exposures o f  10 CFR P a r t  100. 

acceptable method o f  i d e n t i f y i n g  and c l a s s i f y i n g  those fea tu res  t h a t  should be 

designed t o  w i ths tand  the  e f f e c t s  o f  t h e  safe shutdown earthquake. 

These p l a n t  f ea tu res  are those 

Regulatory Guide 1.29 descr ibes an 

I n  Sec t i on  3.2.1.1 o f  t h e  F i n a l  Sa fe ty  Analys is  Report, t h e  FFTF P r o j e c t  has 

i d e n t i f i e d  a number o f  d i f f e r e n c e s  (denoted as Items A through K) between t h e  FFTF 
design and the  recommendations o f  Regulatory  Guide 1.29. Consider ing t h a t  t he  FFTF 
i s  a sodium-cooled f a s t  reac to r ,  we have reviewed these d i f f e rences .  Based on our  

review, w i t h  t h e  except ion o f  I tems A, C, D and K, we f i n d  t h a t  t h e  d i f f e r e n c e s  a re  

acceptable. Our eva lua t i on  o f  I tems A ,  C ,  D and K i s  g i ven  below. 
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I t em A s t a t e s  t h a t  t h e  FFTF does n o t  have a separate emergency core c o o l i n g  system 

f o r  removing core decay heat. Instead,  t h i s  f u n c t i o n  i s  performed by t h e  seismic 

Category I r e a c t o r  heat t r a n s p o r t  system. I t i s  f u r t h e r  s t a t e d  t h a t  t he  emergency 

core c o o l i n g  system f u n c t i o n  can be performed by convect ive f l o w  w i t h o u t  e l e c t r i c  

power be ing supp l i ed  t o  the  heat t r a n s p o r t  system. Based on our rev iew o f  t he  FFTF 

n a t u r a l  c 

a b i l i t y  o 

n a t u r a l  c 

According 

ment heat  

r c u l a t i o n  c a p a b i l i t y ,  we f i n d  t h a t  I t em A i s  acceptable prov ided t h a t  t he  

t h e  FFTF design t o  remove decay heat s a f e l y  and r e l i a b l y  under a l l  

r c u l a t i o n  cond i t i ons  i s  adequately v e r i f i e d .  

t o  I tems C and 0, t he  c u r r e n t  FFTF design has no p r o v i s i o n s  f o r  a conta in-  

removal system o r  a containment atmospheric cleanup system. I t  i s  the  

p o s i t i o n  o f  t h e  FFTF P r o j e c t  t h a t  n e i t h e r  system i s  r e q u i r e d  t o  m i t i g a t e  the  con- 

sequences o f  an acc ident .  Our eva lua t i on  o f  t h e  containment r a d i o l o g i c a l  re lease 

i s  conta ined i n  Sect ion 15.0 o f  t h i s  repo r t .  

I t em K s ta tes  t h a t  t he  lube o i l  systems f o r  the pr imary and secondary heat  t rans -  

p o r t  system pumps are n o t  q u a l i f i e d  t o  seismic Category I requirements s ince these 

pumps would n o t  be requ i red  t o  operate f o l l o w i n g  an earthquake. 

1978 l e t t e r  t o  t h e  FFTF P r o j e c t ,  we expressed concern t h a t  t h e  f a i l u r e  o f  t h e  l ube  

o i l  seals  f o l l o w i n g  a safe shutdown earthquake might  reduce t h e  l e v e l  o f  s a f e t y  o f  

t h e  r e a c t o r  coo lan t  system. Therefore, we requested t h a t  t h e  P r o j e c t  assess t h e  

e f f e c t s  o f  t he  f a i l u r e  o f  these o i l  seals ,  i n c l u d i n g  a lube o i l  f i r e ,  on t h e  s a f e t y  

o f  t h e  p l a n t .  I n  Supplement No. 24 t o  t h e  F i n a l  Safety  Ana lys i s  Report, t he  P r o j e c t  

prov ided the  requested assessment. 

t o  our  concern about pump lube  o i l  system f a i l u r e ,  we agree w i t h  the  P r o j e c t ' s  

conc lus ions t h a t ,  i f  t h e  heat  t r a n s p o r t  system pumps are n o t  r e q u i r e d  t o  operate 

f o l l o w i n g  an earthquake, l o s s  o f  t he  lube o i l  c o o l i n g  system w i l l  n o t  l ead  t o  

unacceptable consequences. However, as w i t h  I t em A, our  acceptance o f  I t em K i s  

cond i t i oned  upon adequate v e r i f i c a t i o n  o f  t h e  na tu ra l  c i r c u l a t i o n  c a p a b i l i t y  o f  t he  
FFTF design (see Sections 5.3 and 14.2 o f  t h i s  repo r t ) .  

I n  our  January 24, 

Based on our  rev iew o f  t h e  P r o j e c t ' s  response 

Table 3.2.1 o f  t h e  FFTF F i n a l  Safety  Analys is  Report i d e n t i f i e d  the  s t r u c t u r e s ,  

systems, and components impor tant  t o  s a f e t y  t h a t  are designed t o  w i ths tand  t h e  

e f f e c t s  o f  a safe shutdown earthquake and remain f u n c t i o n a l .  

Table 3.2.1 and Figures 3.2-1 through 3.2-19, we have determined t h a t ,  f o r  p i p i n g  

systems which a re  p a r t i a l l y  seismic Category I, t h e  Category I p o r t i o n  o f  t he  

system extends up t o  and inc ludes  t h e  i s o l a t i o n  valves t h a t  i s o l a t e  t h e  p a r t  which 

i s  Category I from t h e  nonseismic p o r t i o n s  o f  t h e  system. 

water reac to rs ,  t h e  s t a f f ' s  l i c e n s i n g  p o s i t i o n ,  as s t a t e d  i n  Regulatory Guide 1.29, 

i s  t h a t  t h e  seismic Category I p o r t i o n  o f  such systems should extend t o  t h e  f i r s t  

seismic r e s t r a i n t  beyond the  i s o l a t i o n  <valves t h a t  i s o l a t e  t h e  Category I p o r t i o n  

from t h e  nonseismic p o r t i o n  o f  t h e  system. 

nonseismic Category I component ( p i p i n g  and p i p i n g  r e s t r a i n t )  cou ld  impa i r  t h e  

From our  rev iew o f  

I n  t h e  case o f  l i g h t  

Our concern i s  t h a t  t h e  f a i l u r e  o f  a 
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s a f e t y  f u n c t i o n  o f  a seismic Category I component ( i s o l a t i o n  valve). 

d iscuss ions w i t h  t h e  P r o j e c t  t h i s  ma t te r  has been c l a r i f i e d  and found t o  be i n  

compliance w i t h  Regulatcry  Guide 1.29 and General Design C r i t e r i o n  2. 

Through 

On severa l  occasions d u r i n g  our rev iew (e.g., our  l e t t e r s  o f  August 13, 1976 and 

January 24, 1978), we expressed concern t h a t  none o f  t he  sodium l e a k  d e t e c t i o n  

systems were q u a l i f i e d  t o  remaln f u n c t i o n a l  f o l l o w i n g  a safe shutdown earthquake 

and thus d i d  n o t  meet t h e  i n t e n t  o f  Regulatory Guide 1.45, "Reactor Coolant 

Pressure Boundary Leakage De tec t i on  Systems." 

recommend t h a t  a t  l e a s t  one sodium leakage d e t e c t i o n  system be s e i s m i c a l l y  

q u a l i f i e d  t o  f u n c t i o n  f o l l o w i n g  a sa fe  shutdown earthquake. 

our  eva lua t i on  o f  t h i s  ma t te r  may be found i n  Sect ion 5.2 o f  t h i s  r e p o r t .  

As a r e s u l t  o f  our  review, we 

Fur the r  d i scuss ion  o f  

3.2.2 System Q u a l i t y  Group C l a s s i f i c a t i o n  

General Design C r i t e r i o n  1, " Q u a l i t y  Standards and Records", requ i res  t h a t  nuc lear  

power p l a n t  s t r u c t u r e s ,  systems, and components impor tant  t o  s a f e t y  be designed, 
fab r i ca ted ,  e rec ted  and t e s t e d  t o  q u a l i t y  standards commensurate w i t h  t h e  Importance 

o f  t h e  s a f e t y  func t i ons  t o  be performed. 

Assurance C r i t e r i a  f o r  Nuclear Bower P lan ts  and Fuel Reprocessing Plants , "  

es tab l i shed  q u a l i t y  assurance requirements f o r  t h e  design, cons t ruc t i on ,  and 

opera t i on  o f  those s t r u c t u r e s ,  systems, and components o f  nuc lear  power p l a n t s  

impor tan t  t o  sa fe ty .  

10 CFR P a r t  50, Appendix B ,  " Q u a l i t y  

Sect ion 50.55a o f  10 CFR B a r t  50 i d e n t i f i e s  those ASME Sect ion 111, code Class 1 

components o f  l i g h t  water reac to rs  impor tant  t o  s a f e t y  which a re  p a r t  o f  t he  

r e a c t o r  coo lan t  pressure boundary. 

Group A i n  Regulatory  Guide 1.26, "System Q u a l i t y  Group C l a s s i f i c a t i o n  and 

Standards." 

q u a l i t y  standards for Q u a l i t y  Group B ,  C ,  and 0, water- and steam-containing 

components impor tan t  t o  s a f e t y  f o r  l i g h t  water reac to rs .  

These components a re  designated as Q u a l i t y  

Th is  Regulatory Guide descr ibes an acceptable method f o r  determin ing 

Taking i n t o  account t h e  d i f f e r e n c e  between the  FFTF and l i g h t  water reac to rs ,  we 

have reviewed t h e  FFTF system q u a l i t y  group c l a s s i f i c a t i o n  I n  a manner cons is ten t  

w i t h  our  rev iew o f  l i g h t  water reac to rs .  

Assurance Program i s  conta ined i n  Sect lon 17.0 o f  t h i s  r e p o r t .  

Our e v a l u a t i o n  o f  t h e  FFTF Q u a l i t y  

, 

The minimum code requirements a p p l i c a b l e  t o  each q u a l i t y  group c l a s s i f i c a t i o n  have 

been i d e n t i f i e d  i n  Table 3.2-2 o f  t h e  F i n a l  Safety Ana lys i s  Report. 

ments correspond t o  those s p e c i f i e d  I n  Sect ion 50.55a o f  10 CFR P a r t  50 and 

Regulatory  Guide 1.26. 

t h e  q u a l i t y  group c l a s s i f i c a t i o n  f o r  t h e  s a f e t y - r e l a t e d  systems o r  p o r t i o n s  o f  

systems. Thes? q u a l i t y  group c l a s s i f i c a t i o n s  have a l s o  been denoted on system 

p i p i n g  and ins t rumen ta t i on  diagrams. 

These requ l re -  

Table 3.2-1 o f  t he  F i n a l  Safety  Anaysls Report i d e n t i f i e s  
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Dur ing our  rev iew o f  t h i s  m a t e r i a l ,  we determined .that t h e  dump heat  exchanger 

standby compressed a i r  cy1 i nde rs  and t h e  associated p i p i n g  and va lves have been 

designed t o  seismic Category I and Q u a l i t y  Group D requirements. 

compressed a i r  s:is?ems p rov ide  t h e  emergency a i r  suppl ies t o  e s t a b l i s h  c o n t r o l  f o r  

decay heat  removal, they have a s a f e t y - r e l a t e d  func t i on .  

s i g n i f i c a n c e ,  these systems should be c l a s s i f i e d  Q u a l i t y  Group C t o  conform w i t h  

Regulatory  Guide 1.26 recommendations. Therefore, we recommend t h a t  t h e  q u a l i t y  

group c l a s s i f i c a t i o n  o f  t h e  sump heat  exchanger standby compressed a i r  systems be 

upgraded from Q u a l i t y  Group D t o  Q u a l i t y  Group C. 

Since the  standby 

Because o f  t h e i r  s a f e t y  

I n  Sect ion 3.2.2 o f  t h e  F i n a l  Safety  Analys is  Report, t h e  FFTF P r o j e c t  has i d e n t i -  

f i e d  d i f f e r e n c e s  (designated i tems A through E) between t h e  FFTF q u a l i t y  group 

c l a s s i f i c a t i o n  scheme and t h e  recommendations o f  Regulatory  Guide 1.26. 

instances,  t h e  FFTF P r o j e c t  has es tab l i shed  an equ iva len t  l e v e l  o f  q u a l i t y  by 

upgrading a lower q u a l i t y  l e v e l  through t h e  impos i t i on  o f  app rop r ia te  Hanford Works 

Standards, Reactor Development Technology Standards and a d d i t i o n a l  i n d u s t r y  codes 

and standards. 

I n  these 

On t h i s  bas i s ,  we f i n d  i tems A through E t o  be acceptable. 

Therefore, based on ou r  review, w i t h  t h e  above except ion,  we conclude t h a t  f l u i d  

system p ressu re - re ta in ing  components impor tan t  t o  s a f e t y  w i l l  be designed, 

f a b r i c a t e d ,  erected,  and t e s t e d  t o  q u a l i t y  standards commensurate w i t h  t h e  

importance o f  t he  s a f e t y  f u n c t i o n  t o  be performed. 

components which a re  p a r t  o f  t h e  r e a c t o r  coo lan t  pressure boundary and o t h e r  f l u i d  

systems impor tant  t o  sa fe ty ,  where r e l i a n c e  i s  p laced on these systems (1) t o  

p reven t  o r  m i t i g a t e  t h e  consequences o f  acc idents  and mal funct ions o r i g i n a t i n g  w i t h  

t h e  r e a c t o r  coo lan t  pressure boundary, (2) t o  p e r m i t  shutdown o f  t h e  r e a c t o r  and 

maintenance i n  t h e  safe shutdown cond i t i ons ,  and ( .3)  t o  c o n t a i n  r a d i o a c t i v e  

m a t e r i a l ,  have been c l a s s i f i e d  i n  an acceptable manner i n  Tables 3.2-1 and 3.2-2 o f  

t h e  F i n a l  Safety  Ana lys i s  Report and on system p i p i n g  and ins t rumen ta t i on  diagrams. 

F l u i d  system p ressu re - re ta in ing  

3.3 Wind and Tornado C r i t e r i a  

3.3.1 Wind Design C r i t e r i a  

A l l  seismic Category I s t r u c t u r e s  exposed t o  wind fo rces  a re  designed t o  w i ths tand  

t h e  e f f e c t s  of t h e  des ign bas i s  wind. 

v e l o c i t y  o f  100 m i l e s  pe r  hour w i t h  a recurrence i n t e r v a l  o f  1000 years.  

The design b a s i s  wind s p e c i f i e d  has a 

The procedures t h a t  a re  used t o  t ransform t h e  wind v e l o c i t y  i n t o  pressure loadings 

on s t r u c t u r e s  and t o  e s t a b l i s h  t h e  associated v e r t i c a l  p r o f i l e  o f  wind pressures 

and t h e  gust  f ac to rs  a re  i n  accordance w i t h  ASCE'paper No. 3269 e n t i t l e d  "Wind 

Forces on S t ruc tu res . "  

panel o f  exper ts  i n  t h e  areas o f  meteorology, hydrodynamics and s t r u c t u r a l  dynamics. 

The recommendations i n  t h i s  r e p o r t  have been used i n  t h e  design o f  convent ional  

s t r u c t u r e s  aga ins t  winds and a l s o  as a bas i s  i n  t h e  establ ishment  o f  b u i l d i n g  codes 

and standards. 

Th is  paper was w r i t t e n  by a t a s k  committee c o n s i s t i n g  o f  a 

B u i l d i n g s  and s t r u c t u r e s  which a re  designed i n  accordance w i t h  
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these recommendations have been found t o  possess adequate res i s tance  aga ins t  t h e  

s p e c i f i e d  wind forces.  

On t h e  bas i s  o f  t he  above considerat ions.  we conclude t h a t  t h e  procedures used t o  

e s t a b l i s h  the  wind fo rces  on seismic Category I s t r u c t u r e s  p rov ide  reasonable 

assurance t h a t  they a re  conserva t i ve l y  est imated. 

prov ides reagonable assurance t h a t  t he  s t r u c t u r a l  i n t e g r i t y  o f  seismic Category I 
s t r u c t u r e s  i n  t h e  FFTF w i l l  be mainta ined i n  the  event o f  design bas is  winds. 

Consequently, seismic Category I systems and components l oca ted  w i t h i n  these 

s t r u c t u r e s  a re  adequately p ro tec ted  and w i l l  per form t h e i r  in tended sa fe ty  func- 

t i o n s  i f  needed. 

s a t i s f y i n g  the  requirements o f  General Design C r i t e r i o n  2. 

0 

The use o f  these procedures 

Conformance w i t h  these procedures i s  an acceptable bas is  f o r  

3.3.2 . Tornado Design C r i t e r i a  

A l l  seismic Category I s t r u c t u r e s  exposed t o  tornados and needed f o r  t he  safe 

shutdown o f  t he  p l a n t  i n  t h e  event  o f  a tornado are designed t o  r e s i s t  a tornado 

o f  a 150-miles pe r  hour t a n g e n t i a l  wind v e l o c i t y  and a 25-miles pe r  hour t r a n s l a -  
t i o n a l  wind v e l o c i t y  w i t h  a simultaneous atmospheric pressure drop o f  0.75 p s i  i n  

3 seconds. 

t h i s  r e p o r t .  

i n t o  pressure loadings a re  s i m i l a r  t o  those used f o r  t h e  design bas i s  wind as 

discussed i n  Sect ion 3.3.1 w i t h  no v a r i a t i o n  on pressure i n  t h e  v e r t i c a l  p r o f i l e  

and no cons ide ra t i on  o f  t he  gus t  e f f e c t .  

by us ing  the  procedures as presented i n  Sect ion 3.5 o f  t h i s  repo r t .  

which are n o t  designed f o r  t h e  tornado were designed by t h e  FFTF P r o j e c t  con t rac to rs  

f o r  p o t e n t i a l  m i s s i l e  generat ion and f o r  poss ib le  co l l apse  t o  ensure t h a t  t h e  

i n t e g r i t y  o f  seismic Category I s t r u c t u r e s  would n o t  be jeopardized. 

The a c c e p t a b i l i t y  o f  these parameters i s  discussed i n  Sect,ion 2.2 o f  

The procedures which c o n s i s t  o f  t rans fo rm ing  t h e  tornado wind v e l o c i t y  

The tornado m i s s i l e  e f f e c t s  are considered 

S t ruc tu res  

The procedures u t i l i z e d  t o  determine t h e  loadings on s t r u c t u r e s  induced by t h e  

design bas i s  tornado s p e c i f i e d  f o r  t he  p l a n t  are acceptable s ince these procedures 

p rov ide  a conservat ive bas i s  f o r  engineer ing design t o  assure t h a t  t h e  s t r u c t u r e s  

w i l l  w i ths tand  such environmental forces.  

’ 

The use o f  these procedures prov ides reasonable assurance t h a t ,  i n  t h e  event o f  a 

design bas i s  tornado, t h e  s t r u c t u r a l  i n t e g r i t y  o f  t h e  p l a n t  s t r u c t u r e s  t h a t  need 

t o  be designed f o r  tornados w i l l  n o t  be impai red and, i n  consequence, s a f e t y - r e l a t e d  

systems and components l oca ted  w i t h i n  these s t r u c t u r e s  w i l l  be adequately p r o t e c t e d  

and may be expected t o  per form t h e i r  necessary s a f e t y  func t i ons  as requi red.  

formance w i t h  these procedures i s  an acceptable bas i s  f o r  s a t i s f y i n g  t h e  requ i re -  

ments o f  General Design C r i t e r i o n  2. 

Con- 

3.4 Water Level Flood Design 

. 3.4.1 Flood P r o t e c t i o n  

The FFTF s i t e  was evaluated d u r i n g  t h e  c o n s t r u c t i o n  agreement stage and, s ince  the  

u l t i m a t e  heat s i n k  i s  a i r ,  i t  was n o t  necessary t o  l o c a t e  the  FFTF near water. The 
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facility is 114 feet above the maximum probable flood elevation of 436 feet at the 
operating floor and the bottom of the FFTF foundation mat is approximately 30 feet 
above the maximum probable flood. 
the seismic Category I structures. 

No special flood provisions are provided for 

3.5 Missile Protection Criteria 
3.5.1 Missiles Generated Outside of ContainmEt 

We reviewed the basis for establishing tornado requirements for the FFTF in 1971 
and conclude that a tangential wind speed of 150 miles per hour and a translational 
speed of 25 miles per hour was an appropriately prudent estimate for the FFTF. 

The tornado criteria described in “Review o f  Tornado Consideration for FFTF” 
HEDL-TME-71-35 (basis for the Commission decision) are consistent with those pre- 
sented in Section 3.5-5 o f  the Final Safety Analysis Report. Potential damage 
from a spectrum of postulated missiles is taken into consideration in the design 
of the FFTF so as to assure no loss o f  function or damage to safety-related equip- 
ment essential for the plant safe shutdown as a result of missile impact. 
spectrum of postulated missiles consists of missiles generated inside and outside 
the plant facility. 
tornado-generated missiles consist of: 

The 

The external missiles which are taken into consideration as 

(1 )  a 2-inch x 12-inch x 12-foot plank traveling at 100 miles per hour 

(2) a 4-fOOt x 8-foot x 3/4-inch plywood sheet traveling at 150 miles per hour 

(3) a 26-inch x 20-foot sheet of 26 gauge corrugated steel siding traveling at 
150 miles per hour. 

We have arbitrarily included i n  o u r  evaluation a 3-inch schedule 40 pipe 10 feet 
long in the list of selected external missiles. 
velocity are arbitrary since it is unlikely it would be picked up by the 175-mile 
per hour tornado. 
hour would not penetrate the steel containment shell or concrete walls of the 
auxiliary service building (2-foot wall; and 3-foot roof): 
structure houses’ the secondary sodium pumps, portions 6f the secondary sodium 
piping, cable spreading room’”hd control room. The most vulnerable portion of the 
facility to exterhal missiles i 
piping above grade in the south and west’loops ‘in ‘the’cruciform region between the 
air dump heat exchangers whi ado missile hardened. This portion of 
the secondary sodium piping he’hardenkd auxiliakp- service building. 
The east secondary’sodium loop i nado- hardened with 1 /2’i nch-thi ck steel 
plates providing missile barriers for piping and air dump heat exchangers. 

The inclusion of the pipe and its 

A missile o f  this mass and shape travelling at 100 miles per 

This poktion of the 

g .secon’dary heat’ transport system 
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The emergency d i e s e l  generators a re  n o t  a Class I E  system and f u n c t i o n  i n  the  FFTF 

as an o n s i t e  a u x i l i a r y  power system. 

dual s e t . o f  b a t t e r i e s  i n  the  subs t ruc tu re  o f  t h e  a u x i l i a r y  serv ices b u i l d i n g  and 

by l o c a t i o n  i s  tornado hardened. 

The Class I E  emergency power system i s  a 

We consider  the  design dec is ions app l i ed  t o  t h e  FFTF w i t h  regard t o  implementation 

o f  General Design C r i t e r i a  2 and 4 t o  r e s u l t  i n  a somewhat l ess  than d e s i r a b l e  

s i t u a t i o n  i n  p r o v i d i n g  adequate m i s s i l e  p r o t e c t i o n  from n a t u r a l  phenomena. I t  

would have been prudent, i n  our  view, t o  have tornado-hardened a second secondary 

sodium loop. I t  a l s o  would be d e s i r a b l e  t o  p rov ide  m i s s i l e  p r o t e c t i o n  t o  c e r t a i n  

containment i s o l a t i o n  va l ve  operators  and upgrade t h e  non-Class I E  power supp l i ed  

t o  them ou ts ide  o f  containment t o  achieve comparab i l i t y  w i t h  l i g h t  water r e a c t o r  

p r a c t i c e  even though t h e  loss o f  power t o  the containment i s o l a t i o n  valves w i l l  
presumably leave them i n  t h e i r  proper  c losed  p o s i t i o n  f o r  containment i s o l a t i o n .  

I n  our  view the  knowledge o f  va l ve  p o s i t i o n  i n d i c a t i o n  would be impor tant  and 

d e s i r a b l e  t o  a p l a n t  operator  i n  a l l  containment i s o l a t i o n  s i t u a t i o n s .  

The c losu re  o f  c e r t a i n  dump heat  exchanger i s o l a t i o n  va lves and a i r  louvers i s  
r e q u i r e d  f o l l o w i n g  scram t o  p reven t  sodium from f r e e z i n g  i n  the  dump heat  exchanger 

i n  t h e  event o f  loss o f  a l l  AC power. One cou ld  p o s t u l a t e  t h a t  t h e  p i l o t  va l ve  

operators  impor tant  t o  s a f e t y  cou ld  a l s o  ma l func t i on  and t h a t  t he  motor actuated 

c o n t r o l  o f  impor tant  s a f e t y  func t i ons  i n  t h e  f a c i l i t y  f o l l o w i n g  a tornado would 

n o t  occur. One then  would r e l y  on remote manual r e g u l a t i o n  o f  t h e  dump heat  

exchanger and l o c a l  manual ope ra t i on  o f  dump heat  exchanger i s o l a t i o n  valves 

ou ts ide  o f  t he  containment. 

FFTF when a severe tornado weather c o n d i t i o n  e x i s t s .  

would be t o  reduce the  r i s k  o f  loss o f  heat  s i n k  due t o  ove rcoo l i ng  from n o t  

i s o l a t i n g  t h e  dump heat  ’exchanger, reduce t h e  consequences o f  a secondary sodium 

f i r e  due t o  secondary sodium pump pressure reduc t i on ,  improve c o n t r o l  o r  reduce 

r i s k  o f  loss o f  containment i s o l a t i o n  and p rov ide  a modi f ied,  c o n t r o l l e d - 3 a f e  

p l a n t  shutdown as opposed t o  an emergency shutdown o f  unknown s e v e r i t y  f o l l o w i n g  a 

tornado. 

I n  our view i t  would n o t  be prudent  t o  operate t h e  

The e f f e c t  o f  t h i s  dec i s ion  

The e a r l y  shutdown o f  t h e  r e a c t o r  i s  f u r t h e r  j u s t i f i e d  on the  bas i s  o f  ach iev ing  a 

mod i f i ed  c o n t r o l l e d  shutdown us ing  p l a n t  power and va l ve  operators  as opposed t o  

an unplanned indeterminate shutdown. , The t ime  o f  shutdown (minutes) has l i t t l e  

impact on t h e  s t o r e d  energy o r  t h e  decay heat  removal process o the r  than s t a r t i n g  

from an i n i t i a l  c o n t r o l l e d  s i t u a t i o n  r a t h e r  than  s t a r t i n g  w i t h  a p o s s i b l e  unknown 

o r  u n c o n t r o l l e d  loss o f  power scenario. 

M i s s i l e  p r o t e c t i o n  i s  p rov ided  t o  ensure sa fe  shutdown c a p a b i l i t y  o f  t h e  r e a c t o r  

f a c i l i t y .  There a re  e s s e n t i a l l y  no h i g h  pressure f l u i d  systems i n  the  f a c i l i t y ;  

t he re fo re ,  no i n t e r n a l  m i s s i l e s  r e s u l t i n g  from such systems a re  i d e n t i f i e d  as a 

des ign bas is .  

source o f  p o t e n t i a l  i n t e r n a l  m i s s i l e s .  P ro tec t i on ’  aga ins t  e x t e r n a l l y  generated 

R o t a t i n g  machinery w i t h  h igh  k i n e t i c  energy has been analyzed as a 
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missiles outside containment is achieved by proper orientation of components and 
systems, by use of missile barriers arid by physically separating redundant safety- 
related systems or components from each other and from non-safety-related systems. 

As a result of our review, we conclude that the design incorporating the above 
recommendations satisfies General Design Criterion 4, "Environmental and Missile 
Design Bases" as it relates to structures housing essential systems and to safety- 
related systems being protected against externally generated missiles and, therefore, 
is acceptable. 

3.5.2 Internally Generated Missiles Inside Containment 

The reactor coolant systems and rotating machinery were examined within the facility 
to determine their potential to affect the function of safety-related equipment. 
The liquid metal systems and the gas systems are not. high energy systems. 

The rotating machinery reviewed included the primary sodium pump impellers and the 
primary closed loop motor generator flywheels. 
are 41-1/2-inches in diameter, weigh 1500 pounds and rotate at 1200 revolutions 
per minute. 
vane, 2-to 4-inch thick casing and a 1-3/4-inch thick pump tank. 
generator set flywheels are 58 inches in diameter and weigh 7750 pounds. 
barriers are inherent in the substructure by placement and orientation. 
this is inadequate a 24-inch thick concrete wall has been installed. 

The primary sodium pump impellers 

The pump casing radial wall section consists of a 1-inch turning 

The 
Where 

The motor- 

The staff review consisted of examining the Project's analysis and evaluating the 
potential for penetration of pump casings and adjacent walls, and the proximity of 
safety-related equipment in accordance with acceptable methods for evaluating the 
effect of impact energy on shells and structures. 

The procedures that were used in the design of structures, shields, and barriers 
to resist the effect of missiles are those specified in Bechtel Topical Report 
BC-TOP-gA, Revision '2, "Design of Structures For Missile Impact." The staff has 
reviewed this report and approved its use in nuclear power plant design in a 
letter dated November 25, 1974. The procedures as described in this Bechtel 
report and utilized in the FFTF to determine the effects and loadings on 
structures and missile shields and'barr\ers due to design basis missiles provide a 
conservative basis for engineering -d 
with other loads as described in Sec 

ssile impact loads have been combined 
report. 

. r  

The use of the procedures mentio 
design missiles, the structural integ 
missile shields sild barriers in the F?TF will not be' impaired or degraded. 
Category I systems and components protected by these structures, shields, or 
barriers are, therefore, adequately protected against the effects of missiles and 

des assurance that in the event of 
f seismic' Category I structures or 

Seismic 
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w i l l  per form t h e i r  in tended sa re ty  f u n c t i o n ,  i t  needed. 

cedures o f  BechteJ Topica l  RFport BC-TOP-9A i s  an acceptable bas is  f o r  s a t i s f y i n g  

the  requirements o f  General Design C r i t e r i a  2 and 4. 

The e x i s t i n g  FFTF design does n o t  have a h i g h  p o t e n t i a l  f o r  i n t e r n a l l y  generated 

m i s s i l e s  which would impa i r  t h e  s a f e t y - r e l a t e d  func t i ons  o f  safe shutdown o f  t h e  

r e a c t o r  and i t s , d e c a y  heat  removal. 

Conformance w i t h  t h e  pro-  

The p o t e n t i a l  f o r  m i s s i l e  generat ion r e s u l t i n g  from the  core d i s r u p t i v e  acc iden t  

was a l so  examined and found n o t  t o  be a chal lenge t o  the  containment vessel. 

3 . 6  

3.6 .1  

P r o t e c t i o n  Against  Postu la ted P i p i n g  F a i l u r e s  

P ip ing  F a i l u r e s  Outside o f  Containment 

P l a n t  design c r i t e r i a  a re  app l i ea  to t he  f a c i l i t y  t o  p r o t e c t  against  t he  e f f e c t s  

o f  p o s t u l a t e d  p i p e  breaks and cracks, i n c l u d i n g  p i p e  whip, j e t  e f f e c t ,  and env i ron-  

mental e f f e c t s .  The means used t o  p r o t e c t  s a f e t y - r e l a t e d  systems and components 
i nc lude  phys i ca l  separat ion,  encl.osure w i t h i n  s u i t a b l e  designed s t r u c t u r e s ,  p i p e  

whip r e s t r a i n t s ,  and equipment sh ie lds .  P r o t e c t i o n  aga ins t  p i p e  f a i l u r e  ou ts ide  

containment i s  i n  accordance w i t h  A. Giambusso's l e t t e r  dated December 12, 1972, 

"General I n fo rma t ion  Required f o r  Considerat ion o f  t h e  E f f e c t s  o f  a P i p i n g  System 

Break Outside Containment." The P r o j e c t  has analyzed h igh  energy p i p i n g  systems 

f o r  t h e  e f f e c t s  o f  p i p e  whip, j e t  impingement, and environmental e f f e c t  on sa fe ty -  

r e l a t e d  systems and equipment. 

above a re  acceptable. 

We conclude t h a t  t he  p l a n t  design c r i t e r i a  discussed 

High energy systems t h a t  were evaluated f o r  t h e  above e f f e c t s  i nc lude  the  compressed 

a i r  system, r e a c t o r  heat  t r a n s p o r t  system, c losed loop system, a u x i l i a r y  l i q u i d  

metal system, i n e r t  gas r e c e i v i n g  and process ing system, and i m p u r i t y  mon i to r i ng  

and ana lys i s  system. 

aga ins t  t h e  e f f e c t s  o f  p i p e  whip, j e t  impingement and environmental e f f e c t s  on 

s a f e t y - r e l a t e d  systems and components i nc lude  t h e  c o n t r o l  room, s a f e t y - r e l a t e d  

e l e c t r i c a l  equipment,and ins t rumen ta t i on ,  containment p e n e t r a t i o n  area, secondary 

heat  t r a n s p o r t  system loops, and t h e  emergency dump heat exchanger c o n t r o l s .  

Areas evaluated t o  determine t h a t  t he re  i s  adequate p r o t e c t i o n  

Except f o r  t h e  compressed a i r  and i n e r t  gas r e c e i v i n g  and process ing systems, t h e  

process f l u i d  conta ined i n  the  h igh  energy p i p i n g  ou ts ide  containment i s  h igh  

temperature (approx. 95OoF) 1 i q u i d  sodium a t  r e l a t i v e l y  low pressures ( l e s s  than  

185 ps ig ) .  

and, hence, t he re  w i l l  be no f l a s h i n g  i n  t h e  event o f  p i p e  rupture.  The pressure 

and energy a v a i l a b l e  f o r  p i p e  whip d u r i n g  p i p e  break w i l l  be considerably  l e s s  

than t h a t  f o r  t h e  h igh  temperature, h igh  pressure water p i p i n g  t h a t  i s  found i n  

o t h e r  r e a c t o r  f a c i l i t i e s .  

The sodium temperature i s  below i t s  atmospheric pressure b o i l i n g  p o i n t  

We are i n  agreement w i t h  t h i s  approach. 
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The p l a n t  design bas i s  inc1,udes 

acc iden t  c o i n c i d e n t  w i t h  a s i n g  

safe shutdown. 
\ 

. . . . . . . . . . . . . . . . . . ... . . . . . . . . . .. . . . . . . . . . . . . . . .. .. .. . . 

the  a b i l i t y  t o  sus ta in  a h ign  energy p i p e  break 

e a c t i v e  f a i l u r e  and r e t a i n  the  c a p a b i l i t y  f o r  

The P r o j e c t  has a l s o  presented an ana lys i s  o f  t he  e f f e c t  o f  the moderate energy 

l i n e  f a i l u r e s  ou ts ide  containment on s a f e t y - r e l a t e d  systems. 

systems a re  designed t o  meet t h e  c r i t e r i a  s e t  f o r t h  i n  Branch Technical P o s i t i o n  

APCSB 3-1, " P r o t e c t i o n  Against  Pos tu la ted  P i p i n g  F a i l u r e s  i n  F l u i d  Systems Outside 

Containment." 

p i p i n g  systems, r a d i o a c t i v e  waste system. hea t ing  and v e n t i l a t i o n  system, f i r e  

p r o t e c t i o n  system, p o r t i o n s  o f  t he  i n e r t  gas r e c e i v i n g  and process ing systems, and 

p o r t i o n s  o f  t he  i m p u r i t y  mon i to r i ng  and ana lys i s  system. 

ana lys i s  and conclude t h a t  a pos tu la red  p i p e  crack i n  a moderate energy l i n e  w i l l  
n o t  cause loss o f  f u n c t i o n 8  o f  any s a f e t y - r e l a t e d  system. 

The moderate energy 

The moderate energy systems t h a t  were analyzed inc lude  the  se rv i ce  

We have evaluated the  

Based on our  review, we conclude t h a t  t h e  P r o j e c t  has adequately designed and pro-  

t e c t e d  areas and systems requ i red  f o r  safe p l a n t  shutdown f o l l o w i n g  pos tu la ted  

events, i n c l u d i n g  t h e  combination of h igh  energy p i p e  f a i l u r e  and s i n g l e  a c t i v e  

f a i l u r e .  

dated December 12, 1972, "General In format ion Required f o r  Considerat ion o f  t he  

E f f e c t s  o f  a P i p i n g  System Break Outside Containment." 

meets Branch Technical P o s i t i o n  APCSB 3-1 i n  regard t o  p r o t e c t i o n  o f  sa fe ty -  

r e l a t e d  systems and components from a oos tu la ted  moderate energy l i n e  f a i l u r e  and 

i s ,  t h e r e f o r e ,  acceptable. 

The p l a n t  design meets the  c r i t e r i a  s e t  f o r t h  i n  A. Giambusso's l e t t e r  

The p l a n t  design a l so  

3.6.2 P i p i n g  F a i l u r e s  I n s i d e  o f  Containment 

The p i p i n g  i n s i d e  o f  t he  containment i s  l oca ted  i n  sh ie lded  c e l l s  i n  the  conta in-  

ment subs t ruc tu re  except f o r  some b o t t l e s  f o r  i n e r t  gas systems. 
metal  sodium and NaK systems i n  t h e  containment subs t ruc tu re  a re  moderate energy 
systems and subcool\ed such t h a t  t h e r e , i s  no storedvenergy which would f l a s h  and 

i n e r t  ga! l i n e s  a r s  t o o  small  and a t  t o o  low a pressure t o  

t e n t i a i  ;<'no: 'are they l oca ted  adjacent, t o  safety  

format ion prov ided i n  t h e  FFTF F i n a l  Safety 
Analys is  Report, we con l l ude  that.Fhe i n t e n t  o f  'General Design C r i t e r i a  1 ,  2, 4, 
14 and 15 have,been complied w i th .  

Those l i q u i d  

- 
8' 

3.7 Seismic Design 

3.7.1 Seismic . Input  
- i  , s tq 

An opera t i ng  bas i s  earthquake o f  0.  g and a sa fe  shutdown earthquake o f  0,259 

were o r i g i n a l J y  spec i f i ed .  ffr use I he ,design of t he  FFTF s t r u c t u r e s ,  systems 

and components. 

FFTF Pro jec t ,  and approved by the  s.taff, t h a t  ana lys i s  f o r  t h e  0.1259 opera t i ng  

bas i s  earthquake was n o t  necessary s ince  t h e  P ro jec t  has s t i p u l a t e d  t h a t  t h e  

. .  .? 1( 

I &  . , I  
b i r r  I . (  - t ,  

~ '5 in-. . 

However, d u r i n g  t h e  des ign o f  t h e  FFTF i t  was determined by t h e  
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, e a c t o r  be shut down i n  t h e  event o f  an earthquake w i t h  peak ground a c c e l e r a t i o n  

exceeding 0.059. 

The f r e e  f i e l d  response spect ra u t i l i z e d  f o r  t he  seismic design o f  t he  FFTF s t ruc -  

t u res ,  as descr ibed i n  "Seismic Design C r i t e r i a  f o r  t he  Fast F lux Test F a c i l i t y , "  

JABE-WADCO-OP, were approved by t h e  s t a f f  be fo re  t h e  issuance o f  Regulatory 

Guide 1.60, "Design Response Spectra f o r  Seismic Design o f  Nuclear Power Plants , "  
and are,  t he re fo re ,  d i f f e r e n t  from those i n  Regulatory Guide 1.60. The FFTF bas ic  

f r e e  f i e l d  response spec t ra  a re  l ess  "broad-banded" than the  Regulatory Guide 1.60 

spectra. Despi te  the  apparent d i f f e r e n c e  i n  t h e  response spect ra,  t he  FFTF P r o j e c t  

has demonstrated through a se r ies  o f  analyses t h a t  t h e  seismic design o f  FFTF 

s t r u c t u r e s  i s  as conservat ive as i f  the  c u r r e n t  design c r i t e r i a  were used. 

was poss ib le  because o f  t he  conservat ive seismic design p r a c t i c e s  o r i g i n a l l y  

f o l l owed  by the  FFTF Pro jec t .  (1) use o f  a 

subsurface c o n t r o l  mot ion i ns tead  o f  one a t  f i n i s h e d  grade l e v e l  as pe rm i t ted  by 

c u r r e n t  c r i t e r i a ,  (2) use o f  two a d d i t i o n a l  c o n t r o l  motions f o r  b u i l d i n g s  o the r  

than containment, r e s u l t i n g  i n  a f a i r l y  "broad band" design spect ra,  and (3) use 

o f  conservat ive damping values, t h a t  i s ,  damping values smal ler  than c u r r e n t l y  

a1 lowed. 

Th is  

These 'pract ices cons is ted  o f :  

The a c c e l e r a t i o n  t ime  h i s t o r i e s  used fnr  the design o f  components and equipment 

were ad jus ted  i n  ampli tude and frequency t o  envelop the  response spect ra s p e c i f i e d  

f o r  t h e  s i t e .  

On t h e  bas i s  o f  our  rev iew o f  t he  i n f n r m a t i o n  r e l a t e d  t o  seismic i n p u t ,  we conclude 

t h a t  t h e  seismic i n p u t  c r i t e r i a  used by t h e  P r o j e c t  p rov ide  an acceptable bas i s  

f o r  seismic design. 

3 .7 .2  Seismic .System Analys is  

Most o f  t he  seismic Category I s t r u c t u r e s  i n  t h e  FFTF a re  embedded i n  s o i l .  

embedment ranges from 16 f e e t  t o  82 f e e t .  

t o  take  t h e  e f f e c t s  o f  embedment i n t o  cons ide ra t i on ,  t h e  FFTF P r o j e c t  used a 2-D 
f i n i t e  element ana lys i s .  

t oge the r  w i t h  the  s o i l  media t o  f o m  a p lane  s t r a i n  f i n i t e  element model. 

mesh s i z e  o f  t h e  f i n i t e  element model i s  capable o f  t r a n s m i t t i n g  shear waves up t o  

a frequency o f  20 Her tz .  The base o f  t h e  model i s  p laced a t  t he  bedrock 200 f e e t  

below the  ground l e v e l  and i s  assumed t o  move w i t h  the  bedrock. The FFTF P r o j e c t  

u t i l i z e d  t h e  SHAKE computer program t o  d e r i v e  t h e  rock  mot ion from t h e  c o n t r o l  

mot ion which i s  p laced approximately a t  t h e  base l e v e l  o f  t he  s t r u c t u r e  i n  t h e  

* f r e e  f i e l d .  The 2-0 f i n i t e  element a n a l y s i s  was performed through t h e  use o f  t he  

LUSH and t h e  FLUSH computer programs. 

g ives t h e  g loba l  responses o f  t h e  s t r u c t u r e  which c o n s i s t  o f  t h e  displacement and 

a c c e l e r a t i o n  t ime  h i s t o r i e s  and response spect ra a t  t h e  base and f l o o r  l e v e l s  o f  

t h e  s t r u c t u r e .  

The 

For the  containment s t r u c t u r e ,  i n  order  

I n  the  ana lys i s ,  t h e  s t r u c t u r e s  a re  i d e a l i z e d  and coupled 

The 

The two-dimensional f i n i t e  element ana lys i s  
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For the containment building, global vertical and horizontal response spectra are 
derived directly from the two-dimensional finite element analysis, considering the 
building floors to be rigid. For structures, systems and components in buildings 
outside the cmtainment where seismic response amplification in the vertical 
direction is considered to be significant, a seismic system analysis in the vertical 
direction was made through the use of a multi-degree-of-freedom lumped mass system 
t o  develop vertical local response spectra. 

For the reactor containment building, the fundamental frequency of torsional 
vibration was estimated through the use of a multi-degree-of-freedom system and 
soil springs. In order to calculate the response spectra due to torsional effects, 
spectral amplification factors for torsional motion were assumed to be equal to 
those for horizontal translational motion. These factors were used to establish 
the peaks of the response spectra for torsional and maximum acceleration due to 
torsional response. 

For all other structures an incidental eccentricity of 5 percent in the long 
dimension of the structures was assumed for torsional design considerations. 
ordinates of the response spectrum curves were increased by at least 10 percent 
from the calculated values of all frequencies. 
the FFTF Project used a three-dimensional space frame response analysis to study 
the torsional effects. 
overturning under horizontal and vertical earthquakes was checked by the FFTF 
Project assuming no passive soil pressure. 
overturning was found to be 1.8. 

The 

For torsionally sensitive structures 

The stability of seismic Category I structures against 

The minimum factor of safety against 

In order to take into account variations in soil characteristics and structural 
characteristics, different damping and shear modulus values were used by the FFTF 
Project. 
allow f o r  s h i f t i n g  i n  peak frequency. 

In addition the peaks of the design response curves were broadened to 

The seismic system analyses as summarized above are described in great detail in 
report No. HEDL-BR-5853--:-2, Rev. 2, "Seismic Analysis Report For Building 
Structures'' V o l s .  1 to 4, submitted by the FFTF Project as supplementary informa- 
tion to the Final Safety Analysis Report. We have reviewed the report and 
Section 3.7.2 of the Final Safety Analysis Report and found that the seismic 
system analysis methods and procedures used by the, FFTF Project provide an accepta- 
ble basis for the sei'smic design. 

i 

3.7.3 Seismic Subsystem Analysis 

For the subsystem analysis, the global responses obtained from the system analysis 
are considered in determining the input excitation at the point where the subsystem 
is attached to the structure. Model response spectrum and time history methods for 
multi-degree-of-freedom systems form the basis for the analysis of the subsystems. 
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Governing response parameters are combined by the square root of the sum of the 
squares t o  obtain the maximum when the modal response spectrum method is used. 
absolute sum of modal resptnses is used for modes with closely spaced frequencies. 
Only a two-component earthquake, one horizontal and one vertical, i s  considered. 
The effects of responses in horizontal and vertical direction are added directly. 

The 

We conclude that the above methods and procedures used by the FFTF Project provide 
an acceptable basis for seismic design of subsystems. 

/ '  

3.7.4 Seismic Instrumentation Program 

A seismic monitoring system has been provided to monitor continuously the. seismic 
activity. 
omnidirectional triggers, an analog tape recorder, strip chart recorder, power 
supply and peak recording accelerograph. 

The system consists of three triaxial strong motion accelerom&ers, two 

The accelerometers are located on the containment foundation structure at the 
480-foot elevabion, on the containment structure at ground level, at the 550-foot 
elevation, and at ground level 150 feet from the containment building. A peak 
recording accelerograph is mounted on the containment structure at the 625-foot 

' elevation, approximately 75 feet above the operating floor. 

One omnidirectional trigger is mounted on the containment foundation structure at 
the 480-foot elevation and the other at the opposite side of the building. 

The FFTF Project has taken exception to Regulatory Guide 1.12, "Instrumentation for 
Earthquakes," by not providing response spectrum recorders or any seismic instru- 
mentation to piping and seismic Category I equipment. The justification given by 
the FFTF Project for taking such exception is that the plant will be shut down in 
the event that a seismic event producing a ground acceleration of 0.059 or more 
occurs which is only one-fifth of the safe shutdown earthquake of 0.259 used for 
the FFTF seismic design. 

Whenever a seismic event producing a ground acceleration of 0.059 or more occurs, 
seismic Category I systems will be requalified and a detailed analysis of the 
seismic data will be conducted before the plant is restarted. 

We have reviewed the Project's seismic instrumentation program and find it to be 
acceptable, since the precautionary measures adopted by the FFTF Project will 
ensure the safety of the public. 

3.8 
3.8.1 Steel Containment 

Design of Seismic Category I Structures 

The reactor coolant system is housed within a cylindrical steel vessel with hemi- 
ellipsoidal top and bottom heads. The diameter of the cylinder portion is 135 feet 
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and i t s  h e i g h t  i s  102 f e e t .  The p o r t i o n  o f  t he  vessel below grade i s  sandwiched i n  

concrete, w h i l e  above grade t h e  vessel e x t e r i o r  sur face i s  i nsu la ted .  The conta in-  

ment vessel i s  designed f o r  an i n t e r n a l  design pressure o f  10 ps ig .  

The s t e e l  containment, i n c l u d i n g  a l l  i t s  pene t ra t i ons ,  i s  designed, analyzed, 

f ab r i ca ted ,  const ructed,  inspected and t e s t e d  t o  t he  requirements o f  Subsection B 
o f  t h e  ASME B o i l e r  and Pressure Code, Sect ion I11 w i t h  addenda through summer 1970. 

The containment i s  designed f o r  a l l  l oad  combinations t h a t  are considered c r e d i b l e ,  

i n c l u d i n g  approp r ia te  combinations o f  design bas i s  acc ident ,  design bas i s  earthquake 

and o the r  loads. The m a t e r i a l s  used i n  t h e  c o n s t r u c t i o n  o f  t h e  containment which 

c o n s i s t  o f  SA-516 grade 60 f o r  s t e e l  s h e l l  p l a t e  and SA-299, SA-350 and SA-333 f o r  

p e n e t r a t i o n  components meet the  requirements o f  Subsection B o f  t h e  ASME Sect ion 111 
Code. 

A f t e r  t h e  complet ion o f  c o n s t r u c t i o n  and p r i o r  t o  operat ion,  t he  containment w i l l  
be subjected t o  a s t r u c t u r a l  p roo f  t e s t  a t  a t e s t i n g  pressure o f  12.5 p s i .  

We have concluded t h a t  t he  c r i t e r i a  used i n  the  ana lys i s ,  design, cons t ruc t i on ,  and 

t e s t i n g  o f  t he  s t e e l  containment s t r u c t u r e  t o  account f o r  t h e  loadings and condi- 

t i o n s  t h a t  are a n t i c i p a t e d  t o  be experienced by the  s t r u c t u r e  d u r i n g  i t s  se rv i ce  

l i f e t i m e  are i n  conformance w i t h  es tab l i shed  c r i t e r i a  as conta ined i n  codes, 

standards, and s p e c i f i c h t i o n s  acceptable t o  the  s t a f f .  

The use o f  these c r i t e r i a  as de f i ned  by a p p l i c a b l e  codes, standards, and s p e c i f i c a -  

t i o n s ;  t he  load and load ing  combinations; t h e  design and ana lys i s  procedures; t h e  

s t r u c t u r a l  acceptance c r i t e r i a ;  t he  ma te r ia l s ,  q u a l i t y  c o n t r o l ,  and spec ia l  con- 

s t r u c t i o n  techniques; and the  t e s t i n g  requirements p rov ide  reasonable assurance 

t h a t ,  i n  the  event o f  earthquakes and var ious pos tu la ted  acc idents  o c c u r r i n g  w i t h i n  

and ou ts ide  the  containment, t he  containment s t r u c t u r e  w i l l  w i ths tand  the  s p e c i f i e d  
cond i t i ons  w i t h o u t  impairment o f  s t r u c t u r a l  i n t e g r i t y  o r  safety f unc t i on .  Con- 

formance w i t h  these c r i t e r i a  c o y s t i t u t e s  an acceFtable bas i s  f o r  s a t i s f y i n g  

requirements o f  Geneyal design Cr i . t e r i a  2, 4, 16, and 50. 
I ..- 

. ,  
i 1 1  . I 

3.8.2 Containment I n t e r , i o r  S t ruc tu res  \. ~ 

... . .  . . .  . . .  . _  - . , . - . .  . .  . . 

he 

I ne con ta i  nment 1 n t e  

c o n s i s t  main ly  'o f  ! c e l l s  and pi,pepays b u i l t  o f  r e i n f o r c e d  concrete and l i n e d  w i t h  

s t e e l  p la tes .  C e l l s  and pipeways whichs hoyse . p i p i n g  and/or equipment ,conta in ing 

pr imary sodium a re  t o  be i n e r t e d  w j t h ' a  n i t r o g e n  atmosphere. 

p h y s i c a l l y  f rom each other .  The r e a c t o r  * l y a t e d  i n  the,reactor c a v i t y  

and i s  supported by a s t e e l  r i n g  fo rg ing  at tached t o f h e  concrete ledge formed a t  

t he  t o p  o f  t h e  r e a c t o r  c a v i t y  w a l l . .  The head compartment, which i s  l oca ted  above 

the  r e a c t o r  head and forms a se rv i ce  area f o r - t h e  reac to r ,  has r e i n f o r c e d  concrete 

w a l l s  and a 14-inch deep s t e e l  t r i s k e l i o n  p l a t e  supported on a,grid o f  s t e e l  beams 

t o  form t h e  opera t i ng  deck above the  r e a c t o r .  Other major s t e e l  s t r u c t u r e s  w i t h i n  

the  containment are: 

r StrucFures, most,iy located below t h e  opera t i ng  deCK 

b ,  

The c e i l s  a re  separated 
$ V  ' I  

l ?  . .  
1 .  

9 

t h e  p o l a r  gan t ry  crane suppor t  s t r u c t u r e  which i s  a space 
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frame structure consisting of a curved box girder resting on 18 steel columns, 
steel frame supports for the primary sodium pump guard vessel and the intermediate 
heat exchange guard vessel, ard reactor cavity shield supports. 

The reinforced concrete walls and slabs which form the cells, pipeways and head 
compartment are designed in accordance with the ACI-318-71 Code. 
of steel structures, the AISC 1970 specifications are used. Modifications to the 
loads and load combinations peculiar to nuclear plants are considered. 

For the design 

For reinforced concrete cells, the FFTF Project performed a three-dimensional 
analysis through the use of the STARDYNE computer code. 
dimensional space frame analyses were made through the use of ANSYS and MRI/STARDYNE 
computer programs. Two types o f  cell liners are used: 
liner. Two basic cold liner designs are used. 
steel panels welded to I-beam sections embedded in the backup concrete. 
second cold liner design makes use of,EFCO steel modular concrete forms. 
forms were set and welded in place to serve as the cell inside concrete formwork. 
The concrete was then placed. The hot liner system i s  designed, in general, to 
(1) expand thermally as a result of a hot sodium spill without rupture of the 
liner, (2) separate the sodium from the concrete during a sodium spill, and (3) 
protect the integrity of the concrete structure by the use of insulating material 
between the liner and the backup concrete. 
liner, the plate is anchored only at the top edge, where it joins the cold liner. 
For walls of cells where large spills of high temperature sodium have been assumed 
for design purposes, the steel liners are designed to provide an essentially 
leak-tight barrier to accommodate the cell inert atmosphere and to partially 
protect the concrete cell structures from sodium attack. 

For steel frames three- 

the cold liner and the hot 
One design consists of carbon 

The 
These 

To maximize free movement of the 

One unique design feature of the liner is the consideration of venting for the 
steam and other gases generated from the heating of concrete in case of sodium 
spill. 
liner and could result in a possible failure of tlie liner. Two reports on the 
study of the steel liners were submitted by the FFTF Project: 
Reactor Cavity Liners Under Ex-Vessel PAHR Conditions," HEDL-TC-572, and "Cell 
Liner Integrity Evaluation for the Fast Flux Test Facility," KEDL-TC-823. 
report on the cell liners two sets of assumptions were made to parametrically 
study the variations in the problem postulating liner failure. 
assumptions, weld cracking was postulated allowing steam to mix with the sodium 
without any sodium-concrete reaction. 
was allowed to fill the space between the liner and concrete at the wall perimeter 
where it reacted. Both situations indicate substantial pressure and H2 generation. 
It was indicated that of the twelve cells evaluated, ten cells could potentially 
experience loss o f  liner integrity by the pressure build-up behind the liner. 
However, the FFTF Project concluded that the pressure in the cells beyond the 
design pressure of 10 psig would be relieved to the lower cooler area and the 

If the steam and gases are not vented, pressure will build up behind the 

"Analysis of FFTF 

In the 

Under one set of 

In an alternate set of assumptions sodium 
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hydrogen produced from the  sodium-concrete r e a c t i o n  would n o t  r a i s e  the  hydrogen 

concen t ra t i op  i n  the  r e a c t o r  containment b u i l d i n g  above 5 percent .  

o f  sodium s p i l l s  i s  made i n  Sect ion 15.3 o f  t h i s  r e p o r t .  

An assessment 

I n  the  r e a c t o r  c a v i t y  l i n e r  r e p o r t  t he  FFTF P r o j e c t  es tab l i shed  a maximum a l l owab le  

p l a s t i c  s t r a i n  o f  5 percent  as a f a i l u r e  c r i t e r i o n .  Th is  maximum p l a s t i c  s t r a i n  o f  

5 percent  i s  es tab l i shed  by the  FFTF P r o j e c t  on t h e  bas i s  o f  data on u n i a x i a l  

e longa t ion  o f  s t e e l  which amounts t o  40 percent  be fo re  f a i l u r e .  

f a c t o r s  such as m u l t i a x i a l i t y  o f  s t r e s s  and s t r a i n ,  v a r i a t i o n  i n  m a t e r i a l  pro-  

p e r t i e s ,  e t c .  i n t o  cons ide ra t i on ,  t he  FFTF P r o j e c t  adopted 5 percent  as a f a i l u r e  

c r i t e r i o n ,  and made a f a i l u r e  ana lys i s  f o r  t he  c a v i t y  l i n e r .  On the  bas i s  o f  t h e  

ana lys i s  r e s u l t s  the  FFTF P r o j e c t  concluded t h a t  t he re  i s  no danger o f  a f a i l u r e  o f  

t he  l i n e r  due t o  a sodium s p i l l .  The use o f  a maximum p l a s t i c  s t r a i n  o f  5 percent  

appears t o  be reasonable and t h e  l i n e r  designed on the  bas i s  o f  t h i s  amount o f  

p l a s t i c  s t r a i n  would be expected t o  per form i t s  f u n c t i o n  o f  m in im iz ing  the  e f f e c t s  

from t h e  u n l i k e l y  event o f  a major sodium s p i l l .  The ven t ing  system descr ibed and 

analyzed i n  t h e  r e p o r t  i s  conceptual. 

was performed by the  P ro jec t .  

I n  order  t o  t ake  

A sca le t e s t  o f  t he  ven t ing  system design 

We have reviewed the  i n f o r m a t i o n  prov ided by the  FFTF P r o j e c t  on t h e  design and 

t e s t i n g  o f  t he  ven t ing  system and we conclude t h a t  t he  ven t ing  system as designed 

i s  expected t o  per form i t s  f u n c t i o n  i n  t h e  u n l i k e l y  event o f  a sodium s p i l l .  

The c r i t e r i a  used by the  FFTF P r o j e c t  i n  t h e  design, ana lys i s ,  and c o n s t r u c t i o n  o f  

t h e  containment i n t e r n a l  s t r u c t u r e s  t o  account f o r  a n t i c i p a t e d  loadings and 

p o s t u l a t e d  cond i t i ons  t h a t  may be imposed upon t h e  s t r u c t u r e s  d u r i n g  t h e i r  se rv i ce  

l i f e t i m e  a re  i n  conformance w i t h  es tab l i shed  c r i t e r i a  de f i ned  by codes, standards 

and s p e c i f i c a t i o n s  acceptable t o  t h e  s t a f f .  

these c r i t e r i a  c o n s t i t u t e s  an acceptable bas i s  f o r  s a t i s f y i n g  t h e  i n t e n t  o f  t he  
requirements o f  General Design C r i t e r i a  2 and 4. 

We conclude t h a t  conformance w i t h  

I .  

3.8.3 Des ign 'o f  Other Seismic Category I St ruc tu res  

The suppor t  b u i l d i n g s  which surround t h e  react'or containment b u i l d i n g  c o n s i s t  o f  

t h e  r e a c t o r  se rv i ce  b u i l d i n g ,  t h e  c o n t r o l  b u i l d i n g ,  t h e  a u x i l i a r y  'equipment b u i l d i n g ,  

t h e  heat  t r a n s p o r t  system s e r v i c e  b u i l d i n g s  and heat  pump s t ruc tu res .  A l l  these 

b u i l d i n g s  have concrete subs t ruc tu res  and s t r u c t u r a l  s t e e l  frame superst ructures.  

The s t r u c t u r a l  components c o n s i s t  o f  s labs,  walls;: beams and columns. The design 

method f o r  concrete f o l l o w s  t h a t  s p e c i f i  i n  t h e  ACI-318 Code, and f o r  s t e e l  i t  
f o l l o w s  t h e  A I S C  s p e c i f i c a t i o n s  w i t h  app rop r ia te  m o d i f i c a t i o n s  r e q u i r e d  by t h e  

s t a f f  t o  account f o r  loading-  c o n d i t i o n s  unique t o  nuc lear  power p lan ts .  We have 

concluded t h a t  t he  c r i t e r i a  used i n  t h e  ana lys i s ,  design and c o n s t r u c t i o n  o f  a l l  

se ismic Category I s t r u c t u r e s  t o  account f o r  a n t i c i p a t e d  loadings and p o s t u l a t e d  

c o n d i t i o n s  t h a t  may be imposed upon each s t r u c t u r e  d u r i n g  i t s  se rv i ce  l i f e t i m e  a re  
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3.8.4 

3.9 

3.9.1 

i n  conformance w i t h  c r i t e r i a  as de f i ned  i n  codes, standards, and s p e c i f i c a t i o n s  

acceptable t o  t h e  s t a f f .  

The use o f  these c r i t e r i a  as de f i ned  by app l i cab le  codes, standards and s p e c i f i c a -  

t i o n s ; ' t h e  loads and load ing  combinations; t he  design and ana lys i s  procedures, t he  

s t r u c t u r a l  acceptance c r i t e r i a ,  t he  m a t e r i a l s  q u a l i t y  c o n t r o l ,  and es tab l i shed  

c o n s t r u c t i o n  technique p rov ide  reasonable assurance t h a t ,  i n  the  event o f  winds, 

tornados, earthquakes, and va r ious  p o s t u l a t e d  acc idents  w i t h i n  t h e  s t r u c t u r e s ,  t h e  

s t r u c t u r e s  w i l l  w i ths tand  t h e  s p e c i f i e d  design cond i t i ons  w i thou t  impairment o f  

s t r u c t u r a l  i n t e g r i t y  o r  t he  performance o f  requ i red  s a f e t y  func t i ons .  Conformance 

w i t h  these c r i t e r i a ,  codes, s p e c i f i c a t i o n s ,  and standards c o n s t i t u t e s  an acceptable 

bas i s  f o r  s a t i s f y i n g  the  a p p l i c a b l e  requirements o f  General Design C r i t e r i a  2 and 4. 

Foundations 

Foundations o f  seismic Category I s t r u c t u r e s  a re  descr ibed i n  Sections 6.1 and 6.2 

o f  t h e  F i n a l  Safety  Analys is  Report. 

concrete mats. 
i s  t he  A C I  318-71 Code. 

P r i m a r i l y  these foundations are r e i n f o r c e d  

The major code used i n  t h e  design o f  these concrete mat foundations 

The design and ana lys i s  procedures t h a t  a re  used f o r  these seismic Category I 
foundat ions a re  i n  accordance w i t h  procedures de l i nea ted  i n  the  ACI-318 Code: 

va r ious  seismic Category I foundat ions a re  designed and p ropor t i oned  t o  remain 

w i t h i n  l i m i t s  o f  t h e  ACI-318 Code f o r  va r ious  combinations o f  dead, l i v e ,  wind o r  

tornado, pressure and thermal loads. 

The 

We have reviewed the  c r i t e r i a  used i n  t h e  ana lys i s ,  design and c o n s t r u c t i o n  o f  

se ismic Category I foundations. Based on ou r  review, we conclude t h a t  t h e  c r i t e r i a  

used i n  the  ana lys i s ,  design, and c o n s t r u c t i o n  o f  a l l  Category I foundat ions t o  

account f o r  a n t i c i p a t e d  loadings and p o s t u l a t e d  cond i t i ons  t h a t  may be imposed upon 

each foundat ion d u r i n g  i t s  se rv i ce  l i f e t i m e  are i n  conformance w i t h  es tab l i shed  

c r i t e r i a ,  codes, standards, and s p e c i f i c a t i o n s  acceptable t o  t h e  s t a f f .  

Conformance w i t h  these c r i t e r i a ,  codes, s p e c i f i c a t i o n s ,  and standards c o n s t i t u t e s  

an acceptable bas i s  f o r  s a t i s f y i n ' g  t h e  a p p l i c a b l e  requirements o f  General Design 

C r i t e r i a  2 and 4. 

Mechanical Systems and Components 

Specia l  Topics f o r  Mechanical Components 

The P r o j e c t  has prov ided i n f o r m a t i o n  on computer programs, an experimental s t r e s s  

a n a l y s i s  program, and i n e l a s t i c  a n a l y s i s  methods used f o r  t h e  design o f  sa fe ty -  

r e l a t e d  components. The i n f o r m a t i o n  p rov ided  i s  adequate and i s  c o n s i s t e n t  w i t h  

Standard Review Plan 3.9.1, "Dynamic Tes t i ng  and ,Analys is  o f  Systems, Components, 

and Equipment." The use o f  these c r i t e r i a  p rov ide  assurance t h a t  t h e  s t resses,  
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strains, and displacements calculated are as accurate as the current state-of- 
the-art permits and are adequate for design of the FFTF mechanical components. 

3.9.2 

3.9.2.1 Piping Preoperational Test Program 
Dynamic Testing and Analysis of Mechanical System Components and Systems 

The preoperational test program which will be conducted during startup and initial 
operation on all safety-related piping, components and supports classified as ASME 
Class 1, 2,  and 3 is an acceptable program. These tests are divided into five 
phases: 

(1) Phase 1 consists of preoperational tests to check the operation of individual 
components and the calibration of instruments. 

(2) Phase 2 are startup tests without liquid metal coolant and fuel. These tests 
are to demonstrate that the systems and instrumentation are ready for further 
acceptance testing. 

(3) Phase 3 tests are conducted with sodium coolant to verify the overall opera- 
tional performance of the systems to the extent possible without the nuclear 
fuel source. Simulated core assemblies with actual control rods and the 
control rod drive mechanisms are used. Tests are conducted to demonstrate 
that the thermal/hydraulic and vibration characteristics of the reactor 
control rods, control rods drive mechanisms, and heat transport system are 
acceptable at this stage of testing. 

( 4 )  Phases 4 and 5 are nuclear startup and power ascension tests to be sure the 
plant systems, includirlg the control rod drive mechanisms and heat transport 
system, can withstand power ascensions and subsequent reactor shutdown. 
Included are low power vibration tests of selected components. 

- 7  - 
The tests provide adequate assurance that the piping and piping restraints of the 
system have been designed to withs;tand vibrationalldynamic effects due to valve 
closures, pump trips, and other operating modes associated with the design basis 
operational transients. 
basis for- fulfilling, in part, the regui 
"Reactor Coolant System Design." 

. a  3 

Compliance with the,test program constitutes an acceptable 
ents of(Genera1 Design Criterion 15, 

I t.' 

' ,L '  .'I 

3 .9 .2.2 Seismic Qualification o f  Mechanical' Equipment 

8.' a ' . <  , '. > ' . I .  :* .  
The capabi 1 ity of safety-related methanical equipment to perform necessary protec- 
tive actions in the event of a design basis earthquake is essential for plant 
safety. 
Category I mechanical equipment provides adequate assurance that such equipment will 
function properly under the loads from vibratory forces imposed by the design basis 

The qualification testing program which is being implemented for seismic 
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earthquake and under the conditions of post-earthquake operation. 
consistent with the applicable paragraphs of Standard Review Plan 3.9.2, "Dynamic 
Testing and Analysis of Mechanical Systems and Components." 

This program is 

3.9.2.3 Preoperational Flow-Induced Vibration Testing of Reactor Internals 

The dynamic response of reactor interrials under operational flow transients and 
steady state conditions were investigated experimentally and analytically in the 
hydraulic core mockup flow tests. 
induced vibrations developed at either overflow or underflow rates. 
these analyses and test results are applicable to the FFTF reactor, a vibration open 
test assembly will be installed in the reactor to monitor in-vessel vibrations 
during the acceptance test program. The planned preoperational vibration program 
provides an acceptable basis for verifying the design adequacy of these internals 
under test loading conditions comparable to those experienced during operation. 
combination of tests, predictive analysis, and post-test inspection provides 
adequate assurance that the reactor internals will, during their service lifetime, 
withstand the flow-induced vibrations of reactor operation without loss of struc- 
tural integrity. The conduct o f  the preoperational vibration tests are in con- 
formance with the applicable portion of Regulatory Guide 1.20, "Comprehensive 
Vibration Assessment Program for Reactor Internals During Preoperational and 
Initial Starap Testing," and constitutes an acceptable basis for demonstrating 
design adequacy of the reactor intarnals. 

These tests indicated that no adverse flow- 
To verify that 

The 

3.9.3 ASME Code Class 1, 2 and 3 Components. Component Supports, and Code Support Structure 
3.9.3.1 Design Load Combinations and Stress Limits 

The specific design basis combinations o f  loadings as applied to safety-related ASME 
Code Class 1, 2 and 3 pressure-retaining components and their supports in systems 
designed to meet seismic Category I standards provide assurance that, in the event 
of an upset, emergency, or faulted plant condition occurring during plant operation, 
the resulting combined stresses imposed on system components will not exceed 
allowable stress and strain limits for the materials of construction. The seismic 
standards include the requirement that seismic Category I components and supports 
will continue to perform their safety function after three low level earthquakes 
(0.059) and a design basis earthquake (0.259). 
identical to the safe shutdown earthquake. The plant will be shut down for inspec- 
tion if the vibratory acceleration from an earthquake exceeds the 0.059 low level 
earthquake. The heat transport system has been evaluated for the hypothetical core 
disruptive accident to ensure its capability of performing post-accident decay heat 
removal. However, hypothetical core disruptive accident loads are not design basis 

The design basis earthquake is 

1 oads. 
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L i m i t i n g  the  s t resses approp r ia te  t o  t h e  de f i ned  load ing  combinations prov ides a 

conservat ive bas i s  f o r  t he  design o f  system components t o  w i ths tand  the  most adverse 

combination of l oad ing  events w i t h o u t  l o s s  o f  s t r u c t u r a l  i n t e g r i t y .  

The design l oad  combinations and associated s t ress  and deformat ion l i m i t s  s p e c i f i e d  

f o r  ASME Code Class 1, 2, and 3 components a re  cons is ten t  w i t h  t h e  recommendations 

o f  Regulatory Guide 1.48, "Design L i m i t s  and Loading Combinations o f  Category I 
F l u i d  System Components,'' and RDT F9-IT Standard, "Requirements f o r  Nuclear Com- 

ponents a t  E levated Temperatures (Supplement t o  ASME Elevated Temperature Code Case 

1331)." We have concluded t h a t  t h i s  c o n s t i t u t e s  an acceptable bas i s  f o r  t he  design 

o f  ASME Code Class 1, 2, and 3 components. 

3.9.3.2 O p e r a b i l i t y  o f  A c t i v e  Valves 

The sodium heat t r a n s p o r t  system i s  designed so t h a t  t he  decay heat  developed 

a f t e r  a r e a c t o r  scram f o l l o w i n g  a design bas i s  earthquake can be removed by n a t u r a l  

c i r c u l a t i o n  w i t h  one coo lan t  loop operat ive.  

c o n s i s t s  o f  o n l y  t h e  design bas i s  earthquake, dead weight, pressure d i f f e r e n t i a l ,  

and thermal expansion l oad  combinations. 

l e g  r e a c t o r  downcomer i s  n o t  a design bas i s  event f o r  t h e  FFTF. 

o p e r a b i l i t y  o f  a c t i v e  components need be demonstrated o n l y  f o r  t he  loadings 

associated w i t h  normal ope ra t i on  p l u s  the  design bas i s  earthquake. 

The f a u l t e d  c o n d i t i o n  f o r  t h e  FFTF 

The loss -o f - coo lan t  acc iden t  i n  t h e  c o l d  

Therefore, t he  

The o p e r a b i l i t y  o f  t he  pr imary and dump heat  exchanger valves was demonstrated by a 

s e r i e s  o f  p r o o f - o f - p r i n c i p l e  t e s t s .  

i nc luded  ranges i n  ope ra t i ng  pressure and temperatures and approp r ia te  thermal 

t r a n s i e n t s  us ing  f u l l  f l o w  water o r  gaseous n i t r o g e n  as t h e  coo lan t  f l u i d .  

heat  exchanger i s o l a t i o n  va l ve  was a l s o  evaluated i n  sodium f low.  These t e s t s  

i n d i c a t e  t h e  valves w i l l  f u n c t i o n  f r e e  o f  v i b r a t i o n s  f o r  t h e i r  ope ra t i ona l  l i f e .  

The parameters associated w i t h  these t e s t s  

The dump 

The FFTF P r o j e c t ' s  program coupled w i t h  t h e  a n a l y t i c a l  program discussed i n  

Sect ion 3.9.3.1 o f  t h i s  r e p o r t  prov ides assurance t h a t  these a c t i v e  valves can 

w i ths tand  p o s t u l a t e d  seismic loads i 
o f  s t r u c t u r a l  i n t e g r i t y  o r  unacceptable i d i s t o r t i o n .  . These programs demonstrate t h a t  

t h e  a c t i v e  valves w i l J  f u n c t i o n  when a safe p l a n t  shutdown i s  t o  be a f fec ted .  

P r o j e c t ' s  component operabi 1 i:y assurance program c o n s t i t u t e s  an acceptable bas i s  

f o r  meeting t h e  a p p l i c a b l e  requirements o f  Standard Review Plan 3.9.3, "ASME Code 

Class 1, 2, and 3 Components, Component 

ombination w i t h  ope ra t i ng  loads w i t h o u t  loss 
I ,  

1 .  

The 

.? 

p o r t s ,  and Core Support S t ruc tu res .  'I 
J 

3.9.4 Contro l  Rod D r i v e  Systems 

. . .  - ,  r t l . , i  I - -  

The design c r i t e r i a  and the- t e s t i n g  program conducted i n  v e r i f i c a t i o n  o f  t h e  

mechanical o p e r a b i l i t y  and l i f e  c y c l e  c a p a b i l i t i e s  o f  t h e  r e a c t i v i t y  c o n t r o l  and 

open t e s t  assemblies a re  i n  conformance w i t h  es tab l i shed  c r i t e r i a ,  codes, standards, 

and s p e c i f i c a t i o n s  acceptable t o  the  s t a f f .  The use o f  these c r i t e r i a  p rov ide  
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reasonable assurance that the systems will function reliably when required, and 
satisfies the intent of Standard Review Plan 3.9.4, "Control Rod Drive Systems." 

3.9.5 Pressure Vessel Internals 

The core support structure provides axial or vertical support and positioning for 
major reactor components such as the fuel assemblies and lateral support for the 
instrument tree. 
outlet plenums. 
transients expected during plant and system normal, upset and emergency conditions 
during the life of the plant and the design basis earthquake faulted condition. 
Stress distributions and deflections were analyzed and vibration studies were 
carried out to ensure that the core support structure can withstand any potential 
vibration. 

It provides the pressure barrier between the sodium inlet and 
The core support structure has been analyzed for thermal/hydraul ic 

Mockup and assembly vibration and hydrostatic tests were conducted to demonstrate 
the structural capabilities of the core support structure. 

These analyses constitute an acceptable basis for satisfying the intent of Standard 
Review Plan 3.9.5, "Reactor Pressure' Vessel Internals." 

3.9.6 Inservice Testing of Pumps and Valves 

The inservice testing of the primary and secondary sodium pumps will be performed on 
a limited scale since they have no active safety function. The pump inservice test 
program will be directed toward those pump parameters which give assurance that the 
FFTF can be safely operated and shut down. These parameters include hydra'ulic 
characteristics, pump vibration, bearing temperature, and pump coastdown time. All 
inservice tests will be performed during the FFTF acceptance test program on a 
preservice basis to serve as a baseline to inservice testing. 

The inservice testing of ASME Code Class 1, 2, and 3 valves will be directed toward 
those valves which must function for safe operation, shutdown, decay heat removal, 
and mitigation of consequences of an accident. 
program has been based on requirements o f  ASME Code Section XI, Division I 
Articles IWV-3300 through IWV-3700 modified to be consistent with the operating 
philosophy and design of the plant. Compliance with this code requirement con- - 
stitutes an acceptable basis for satisfying the intent of applicable portions of 
Standard Review Plan 3.9.6, "Inservice Testing of Pumps and Valves." 

The FFTF valve inservice test 

3.10 Seismic Qualification of Safety-Related Instrumentation and Control Equipment 

The FFTF seismic qualification program was described in the document JABE/WADCO-02, 
Revisions 0, 1 and 2,' and in Section 3.9 of the Final Safety Analysis Report. 
Revision 0 of JABE/WADCO-02 included requirements for testing at operating basis 
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earthquake a c c e l e r a t i o n  l e v e l s .  

because a techn ica l  s p e c i f i c a t i o n  requirement was added f o r  p l a n t  shutdown upon 

exper iencfng an earthquake o f  0.059 or grea te r  t o  evaluate i t s  c o n d i t i o n  and 

These requirements were dropped i n  Revis ion 2 

readiness f o r  f u r t h e r  operat ion.  Revis ion 2 o f  the document, 

re ferenced I E E E  Standard 344-1971; however l a t e r  responses t o  

t h a t  the requirements o f  IEEE Standazd 344-1975 were met. 

I n  general t h e  seismic q u a l i f i c a t i o n  program f o r  t he  Class I E  

c o n t r o l  equipment appears s a t i s f a c t o r y ,  however the  f o l l o w i n g  

d u r i n g  our review. 

dated J u l y  1975, had 

questions had s t a t e d  

i ns t rumen ta t i on  and 

concerns were developed 

The d e s c r i p t i o n  o f  the seismic t e s t i n g  o f  t h e  main heat  t r a n s p o r t  system 

breakers d i d  no t  s t a t e  whether any resonances i n  the  2 t o  35 Her tz  range were 

observed. The P r o j e c t ' s  response showed t h a t  resonances a t  3, 10 and 25 

Her tz  were observed and t h a t  t e s t  l e v e l s  a t  these resonances enveloped the  

requ i red  response by s u b s t a n t i a l  margins. 

acceptab 1 e. 

We have concluded t h a t  t h i s  i s  

The F i n a l  Safety  Analys is  Report had i n d i c a t e d  t h a t  some equipment was sub- 

j e c t e d  t o  f o u r  design bas i s  earthquake t e s t  s imulat ions,  b u t  t h a t  o the r  

equipment such as the  s a f e t y - r e l a t e d  b a t t e r i e s ,  racks, zero t ime  outage 

motor-generator se ts  and zero t ime outage AC and DC panels were subjected t o  

on l y  one such s imu la t i on .  La te r  i n fo rma t ion  from the  P r o j e c t  c l a r i f i e d  t h a t  

t he  o r i g i n a l  seismic q u a l i f i c a t i o n  s p e c i f i c a t i o n  had inc luded  th ree  opera t i ng  

bas i s  earthquake s imu la t i ons  and one design bas is  earthquake s imu la t i on .  

However, con t rac ts  had been l e t  on some equipment be fo re  the  s p e c i f i c a t i o n  

change so these i tems were subjected t o  th ree  design bas i s  earthquake simula- 

t i o n s  i n  excess o f , t h e  requirements. The s p e c i f i c a t j o n  remains a t  one design 

bas i s  earthquake s imu la t i on ,  t h e r e f o r e  a l l  t e s t s  meet t h i s  requirement. We 

f i n d  t h i s  response acceptable. 

The F i n a l  Safety  Analys is  Report had s t a t e d  w i r i n g  was t e s t e d  o n l y  over the  

range o f  8 t o  30 Her tz .  

a d d i t i o n a l  i n fo rma t ion  t h a t  showed the, wi r ing,  had been t e s t e d  and responded 

1 

I n  response t o  our  quest ion the  P r o j e c t  prov ided 

r the  ravge o f  1 t o  ert;. We ,cdnclude t h a t  t h i s  response 

L <  I ,  

* I )  , .  . 'I - 
The dump >!ea$ exchanger . l o c a l  .cpntro,l panel: had a d d i t i o n a l  _self-powered 

readout i ns t rumen ta t ton  instal1.ed on them s ince t h e  o r i g i n a l  seismic q u a l i f i c a -  

t i o n  test,wa: dqne. This  may change t h e  sei,smiF,response. The-Pro ject  has 

committed t o  r e q u a l i f y i n g  these panels. 

acceptable panels. 

J 

. e  

We conclude t h a t  t h i s  w i l l  r e s u l t  i n  

The s a f e t y - r e l a t e d  r a d i a t i o n  moni tors  (containment i s o l a t i o n  system moni tors  

and c e l l  atTosphere process ing system o u t l e t  moni tors)  have been q u a l i f i e d  t o  
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meet the seismic criteria. 
safety-related radiation monitors outside containment for protecting the con- 
trol room ventilation inlet. 
as seismic Category I. 

The Project has committed to install additional 

They have committed to qualify these monitors 
We find this commitment acceptable. 

(6)  The Project has been requested to furnish for our evaluation copies of seismic 
qualification test reports on selected representative items of safety-related 
instrumentation and control equipment. These submitted reports should contain: 
(a) identification of the tested item, (b) the test plan, (c) the maximum 
seismic acceleration that can exist at the equipment's installed location, 
(d) description of the operability verification arrangements, (e) description 
of facilities used to conduct the tests and (f) a digest of the test results 
showing that the qualified range envelopes the maximum accelerations given in 
(c). We will report on this concern in a supplement to this report. 

With the successful resolution of operi item 3 . 1 0 . ( 6 )  we conclude that the Project's 
program for seismic qualification of safety-related instrumentation and control 
equipment meets staff requirements and is therefore acceptable. 

3.11 Environmental Qualification of Safety-Related Instrumentation and Control Equipment 

The environmental qualification program is presented in Section 3.10 of the Final 
Safety Analysis Report. 
that have been resolved through Project action. 

Our review of this program has developed these concerns 

(3) 

The sodium level sensors will operate in a high radiation environment. The 
staff wanted to know what the effect of this radiation upon the probe would 
be with respect to material damage and drift of the probe's indication. 
Project's response stated that the probe would be exposed to a dose of 
4.8 x 10 nvt, was constructed entirely of inorganic materials and that this 
dose was not likely to cause any significant change in probe output. 
this response acceptable. 

The 

18 

We find 

It was not clear from the Final Safety Analysis Report discussion that tests 
of the containment instrumentation and control penetrations were made using 
short circuit currents to qualify them, that they were tornado protected or 
that they would meet the requirements of IEEE Standard 317-1972 and Regulatory 
Guide 1.63 (1973). The Project has supplied additional information that 
short circuit current tests were made and that the requirements of the IEEE 
Standard and the recommendations of the Regulatory Guide were met. We find 
this acceptable. 

The plant protection system radiation monitoring preamplifiers in the contain- 
ment are located in areas of low radiation levels and would in case of accident 
have performed their function before the radiation levels become high enough 
to damage the equipment. Therefore, no particular qualification has been 

3-24 



performed on the preamplifiers. 
total dose to which they would be exposed during 20 years of normal operation 
is about 350 Rads. 

We find this response acceptable since the 

( 4 )  Our concern about the permanent magnet flowmeters in the primary sodium loops 
and their auxiliary instrumentation being qualified to operate in its environ- 
ment and being calibrated was answered by the Project. Their response described 
the flux meter probe used to monitor the magnetic field, presented the tempera- 
ture qualification of the magnet. described the calibration corrections that 
will be made and stated that an in-situ calibration will be performed after 
its installation. We found this acceptable. 

(5) We were concerned that safety-related instrumentation and control equipment 
located inside containment and in cells and pipeways had not been qualified 
against attack by corrosive chemicals. The Project has stated that aerosol 
formation in the open areas of containment is not a problem and that all of 
the plant protection system sensors, their field wiring and other equipment 
are located in inerted cells where the atmosphere is monitored for contaminants. 
Thus, under normal conditions no potential for corrosion damage to plant pro- 
tection system equipment exists. 
the Project has committed to perform cleanup and to inspect and certify the 
equipment operability prior to resuming operations. The Final Safety Analysis 
Report is to be modified to so state and we find this commitment acceptable. 

Under accident or coolant leakage conditions, 

The following items have not been resolved and are considered as open items. 

We were concerned about the lifetime and possible failure of the metal bellows 
in the NaK pressure sensors due t o  mechanical flexing of radiation hardened 
metal in the bellows since it is exposed to a high radiation environment. 
have reviewed additional information supplied by the Project regarding its 
performance under pressure and temperature cycling in sodium that i s  satisfac- 
tory. The Project has provided more information on the effect of gamma 
radiation hardening on the life of the bellows. 

The staff had raised concerns about the qualification for radiation exposure 
of plant protection system sensors located near or o n  primary sodium piping 
and for plant protection system equipment ihhbt ’cbuld be exposed to post-accident 
pre_ssures greater than atmospheric. 
information to address these concerns. We will review this new information 
and report on it in a supplement to this report. 

The Final Safety Analysi; Report states that the l’oss of offsite electric power 
sensors will be environmentally quaiified for service under the worst case 
cnnditions prior to installation. 
reviewed by the staff. 

We 

We find this acceptable. 

The Proj’ect is to provide additional 

I 3 . 4  = 

This information has not been received or 
We will report on this in a supplement to this report. 
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(9) With regard to environmental qualification of safety-related radiation monitors, 
Section 7.3.5.1.4 of the Final Safety Analysis Report presented only temperature 
and relative humidity specifications. Additional information regarding 
corrosive chemical attacks, pressure and radiation qualification results 
should be presented. 
report. 

We will report on this further in a supplement to this 

(10) The Project's program for qualifying safety-related instrumentation and 
control equipment for the FFTF as presented in Section 3.10 of the Final 
Safety Analysis Report does not appear to conform to the current staff require- 
ments with regard to monitoring of environmental conditions in areas where 
the conditions resulting from loss of the heating and ventilating systems, 
loss  of control of the heating and ventilating systems or deliberate shutdown 
of these systems may go beyond the limits for which the equipment located 
therein is qualified. 
environmental conditions that can occur under the worst of these postulated 
events be determined and the safety-related equipment be qualified for these 
extremes or that the environmental control systems be specified to operate 
continuously to maintain the environmental conditions within the qualified 
limits of the safety-related equipment and provide environmental monitoring 
equipment that will alarm when the environmental conditions exceed those for 
which the equipment is qualified. 
shall meet these requirements: (a) be of high quality, (b) be periodically 
tested and calibrated to verify its continued functioning, (c) be energized 
from continuous power sources and (d) provide a continuous record of the 
environmental parameters during the time the environmental conditions exceed 
the normal limits. The occurrence of environmental conditions exceeding the 
equipment qualification range shall then be reported as an abnormal occurrence 
and analysis shall be provided to demonstrate that the excessive environmental 
conditions have not degraded the involved safety-related equipment below an 
acceptable level for continued plant operation. 
Final Safety Analysis Report Section 3.10, as revised, shows that the instru- 
mentation and control equipment is cualified for the most severe environmental 
conditions that could result from the worst case failure of the environmental 
control equipment. 
Section 3.10 and believes that. contingent on the outcome of the review this 
response is probably satisfactorily. 
supplement to this report. 

The staff has recommended that either the extreme 

This environmental monitoring equipment 

The Project has stated that 

The staff is presently engaged in reviewing this revised 

We will report the final outcome in a- 

(11) The Project has been requested to provide for our evaluation copies of environ- 
mental qualificaton test reports on selected representative items of safety- 
related instrumentation and control equipment. These submitted reports 
should contain: (a) identification of the tested item, (b) the test plan, 
(c) a listing of the extreme conditons to be accommodated, (d) description of 
the operability verification arrangements, (e) description of facilities used 
to conduct the tests and (f) a digest of the test results showing that the 
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qualified range envelopes the extreme conditions given 
on this in a supplement to this report. 

Subject to the successful resolution of the open items ident 
3.11(6),  3.11(7),  3.11(8) ,  3.11(9),  3.11(10) and 3.11(11)  we 

n (c). We will report 

fied as 3.11(5),  
can conclude that the 

Project's program for environmentally qualifying the safety-related instrumentation 
and control equipment meets staff requirements and is therefore acceptable. 

\ 
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4.0 R E K T O R  

D e s c r i p t i o n  4.1 

The Fast  F lux  Test  F a c i l i t y  i s  a 400 M W t  f a s t  neutron t e s t  r e a c t o r  w i t h  the  pr imary 

f u n c t i o n  o f  p r o v i d i n g  the  c a p a b i l i t y  f o r  t e s t i n g  candidate f u e l  and m a t e r i a l s  f o r  

advanced reac to rs .  

t e s t  p o s i t i o n s  i n  i t s  91 hexagonal l a t t i c e  p o s i t i o n s .  

The core has been designed t o  accommodate n ine instrumented 

The i n i t i a l  core has an a c t i v e  h e i g h t  o f  36 inches, a volume o f  1034 l i t e r s ,  and a t  

t he  design power has a peak f l u x  a t  a row 2 p o s i t i o n  o f  7 x 1015 n/cm -sec. 

i n i t i a l  peak f u e l  burnup design bas i s  i s  80,000 MWd/MT a t  nominal coo lan t  tempera- 

t u r e s  o f  6OO0F, core i n l e t ,  and 900°F, core o u t l e t .  More advanced cond i t i ons  are 

planned f o r  t h e  f u t u r e  b u t  have n o t  been evaluated i n  t h i s  r e p o r t .  

2 The 

The d r i v e r  f u e l  f o r  cores 1 and 2 i s  composed o f  mixed plutonium-uranium oxides 

(Pu02/U02), w i t h  composit ions o f  22.43 and 27.37 w t %  Pu/(U + Pu) f o r  t he  i nne r  and 

ou te r  enrichment zones, r e s p e c t i v e l y .  Natura l  uranium i s  used, and the  p lu ton ium 

used has a f i s s i l e  content  o f  approximately 88 w t %  (Pu-239 + Pu-241). 

The re fe rence  r e a c t o r  i s  i l l u s t r a t e d  i n  F igure 4.1-1. 

appears i n  F igu re  4.1-2, showing the  two core enrichment zones and the  r e f l e c t o r  

reg ion.  

A p l a n  view o f  t he  core 

The removable core components (e.g., f u e l  assemblies, i n -co re  c o n t r o l  rod  guide 

tubes, r e f l e c t o r  assemblies, open loops) ma in ta in  t h e i r  a x i a l  i n - c o r e  p o s i t i o n  due 
t o  t h e i r  weight. Under f l o w  cond i t i ons ,  t he  f u e l  and r e f l e c t o r  assemblies are a l so  

h e l d  down due t o  t h e  h y d r a u l i c  holddown mechanism. 

above t h e  core a c t s  as a backup device and would p reven t  t h e  f u e l  assemblies from 

r i s i n g .  The r a d i a l  p o s i t i o n i n g  o f  t he  i n -co re  components i s  t o  be prov ided by the  

core r e s t r a i n t  system. 

The inst rument  t r e e  assembly 

The FFTF core has a negat ive prompt c o e f f i c i e n t  o f  r e a c t i v i t y  ( p r i m a r i l y  Doppler) 

as w e l l  as a negat ive o v e r a l l  power c o e f f i c i e n t  o f  r e a c t i v i t y .  There i s  a s l i g h t l y  

p o s i t i v e  sodium v o i d  c o e f f i c i e n t  i n  t h e  c e n t r a l  r e g i o n  o f  t h e  core a l though t h e  

r e a c t i v i t y  e f f e c t  o f  v o i d i n g  t h e  e n t i r e - c o r e  i s  negative. 

f u n c t i o n  i s  accomplished by t h e  p r imary  and the  secondary nuc lear  c o n t r o l  systems 

which u t i l i z e  two independent, b u t  s i m i l a r ,  se ts  o f  c o n t r o l  rods. A l l  c o n t r o l  rods 

scram i n  t h e  d i r e c t i o n  o f  g r a v i t y  and a re  prevented by a mechanical s top from 

t r a v e l i n g  beyond t h e  f u l l - i n  p o s i t i o n .  The r e a c t i v i t y  increase associated w i t h  the  

withdrawal o f  a? absorber r o d  i s  l i m i t e d  t o  6 cents/sec by the  d r i v e  mechanism 

wi thdrawal  r a t e  o f  9 i n c h e s h i n .  Rod e j e c t i o n  i s  guarded aga ins t  by a r a t c h e t - t y p e  

" a n t i - e j e c t i o n  pawl" i n  t h e  c o n t r o l  r o d  d r i v e  mechanism. 

i 

The nuclear  c o n t r o l  
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Design of the core subassembly inlet nozzles makes an inlet blockage that is 
large enough to cause fuel failure an exceedingly remote possibility. 
feature precludes, for example, a Fermi-type blockage accident. 
route that the coolant must travel through the core inlet plenum and subassemblies 
not only reduces the probability of subassembly flow blockage, but also makes 
the passage of coherent large bubbles of entrained gas through the core very 
unlikely. In addition, each assembly will normally be monitored for flow as 

well as coolant outlet temperature with an alarm on abnormal flow or temperature. 

This 
The circuitous 

4.2 Fuel System Design 
4.2.1 Description 

The primary function of the FFTF reactor is to provide the capability of testing 
candidate materials in environments approximating those anticipated for commercial 
fast breeder reactors. The FFTF cure provides the neutron flux, establishes the 
power density and operating temperature, and provides locations for experiment 
placement. 
generating component of the FFTF core, contains the fuel, produces heat and 
provides a high neutron flux test environment. 
accompl ish the following: 

The "driver" fuel assembly, which is the basic nuclear power 

The fuel assembly is designed t o  

(1) Position the fuel properly in the core for controlled nuclear reaction; 

(2) Provide passages to guide and control the sodium coolant; 

( 3 )  Provide shielding to protect the core support structure from excessive 
f 1 uence ; and, 

(4) Provide features for proper interfacing with other core components, the 
core support structure, and fuel monitoring and handling devices. 

The fuel assembly is a hexagonally shaped component, 4.575 inches across flats 
and 12 feet long. 
duct, load bearing pads, handling socket, and fuel pin bundle. 
comprised of 217 fuel pins which contain mixed oxide (Pu02/U02) pellets. 
fuel pins are positioned in a triangular'lattice and spaced by a 0.056-inch 
diameter, helically-wrapped wire ("wire-wrap"), which is wound clockwise around 
the fuel pin cladding. 
mately 36 inches long and is centered 65.5 inches from the bottom end. 
42-inch long fission gas plenum (effective length 37 inches) is provided at the 
top of the fuel pin to limit internal gas pressure buildup. Within this plenum 
are a spacer, a tag gas capsule, and a spring system to keep the fuel and 
insulator pellets and reflectors compressed during handling prior to reactor 
installation. A list o f  fuel assembly materials is provided in Table 4.2-1. 

It consists of an inlet nozzle, shield orifice assembly, 
The bundle is 

The 

The fuel bearing region of the fuel assembly is approxi- 
A 
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The normal f u e l  p e l l e t  s tack  cons is t s  o f  approximately 150 p e l l e t s .  Each p e l l e t  i s  

about 0.24 inches l ong  and 0.1945 i n  diameter, o f  pressed and s i n t e r e d  uranium and 

p lu ton ium d iox ide .  

thermal expansion o f  t he  p e l l e t  stack. 

The p e l l e t s  have d ished ends (0.0035-inch deep) t o  reduce a x i a l  

The d r i v e r  f u e l  f o r  cores 1 and 2 w i l l  have two enrichment zones: an i n n e r  zone o f  

22.43 w t %  Pu/(U + Pu), and an ou te r  enrichment zone o f  27.37 w t %  Pu/(U + Pu). 

Since t h e  p lu ton ium i s o t o p i c  composit ion changes w i t h  t ime  due t o  the  d i f f e r e n t  

r a d i o a c t i v e  decay r a t e s  o f  t h e  var ious Pu isotopes,  these enrichments are based on 

the  Pu i s o t o p i c  composit ion as i t  e x i s t e d  on November 15, 1974.l  

uranium i s  used i n  cores 1 and 2, b u t  depleted uranium w i l l  be used i n  l a t e r  cores. 

Na tu ra l  

TABLE 4.2-1 

FUEL ASSEMBLY MATERIALS L I S T I N G  

I tem - 

Hand1 i n g  Socket 

Duct 

F l o a t i n g  C o l l a r  

Surface 

Load Pads 

Surface 

S h i e l d  O r i f i c e  Assembly 

Mater i a 1 

SS-316 

20% CW SS-316 

SS-316 

Chromium Carbide 

20% CW SS-316 

Chromium Carbide 

SS-316 

I n l e t  Nozzle 55-316, Chromium P la ted  

P i s t o n  Rings 

End Caps 
Plenum Spacer Assembly 

Inconel  718, 
Chromi um P1 ated 

20% CW 55-316 
20% CW SS-316 

Spr ing Cold Drawn SS-302 

Wire Wrap 17% CW SS-316 

C1 addi ng 20% CW 55-316 

4.2.2 Design Bases and L i m i t s  
: 

According t o  t h e  FFTF F i n a l  Safety  Analysis'Report (Sect ion 4.4.1.1.1), t h e  b a s i t  

gu ide l i nes  fo l l owed  i n  t h e  assessment o f  f u e l  p i n  s t r u c t u r a l  performance were t h a t  

t h e  p i n s  (1) must operate ( p r e d i c t a b l y )  under expected s teady-state cond i t i ons ,  (2) 

must be capab le 'o f  s u s t a i n i n g  a l l  a n t i c i p a t e d  t r a n s i e n t s ,  (3 )  must be capable o f  

s u r v i v i n g  one " u n l i k e l y " *  (emergency) event, and (4) must ma in ta in  coo lab le  geometry 

d u r i n g  an "extremely u n l i k e l y "  ( f a u l t e d )  event. 

e.g., s teady-state,  a n t i c i p a t e d  t r a n s i e n t s ,  u n l i k e l y  i nc iden ts ,  and extremely 

u n l i k e l y  i n c i d e n t s  were considered i n  t h e  ana lys i s  o f  f u e l  p i n  performance. 

Thus, f o u r  aspects o f  operat ion;  
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Fuel p i n  performance i s ,  as ide from considerat ions o f  f u e l  m e l t i n g  and maintenance 

o f  " coo lab le  geometry," genera l l y  de f i ned  i n  terms o f  c ladd ing  i n t e g r i t y .  

i n t e g r i t y  o f  t h e  c ladd ing  r e f e r s  t o  t h e  a b i l i t y  o f  t h e  c ladd ing  t o  r e t a i n  t h e  f u e l  

and f i s s i o n  products. I n  terms o f  r e a c t o r  operat ion,  t he re fo re ,  t h e  c ladd ing  must 

remain i n t a c t  (w i thou t  p e r f o r a t i o n )  throi ighout s teady-state operat ion,  a l l  a n t i c i -  

pated t r a n s i e n t s ,  and one u n l i k e l y  (emergency) i n c i d e n t  i n  order  t o  s a t i s f y  t h e  

FFTF design gu ide l i nes  o u t l i n e d  above. 

c l a d d i n g ' s  a b i l i t y  t o  ma in ta in  i n t e g r i t y ;  i . e . ,  t o  r e s i s t  p e r f o r a t i o n  and thus 

r e t a i n  t h e  f u e l  and f i s s i o n  products. These f a c t o r s  i nc lude  ( 1 )  chemical a t t a c k  o f  

c ladd ing  by f u e l ,  f i s s i o n  products ,  and sodium, (2) thermal g rad ien ts  t h a t  cause 

thermal s t resses,  (3) thermal and i r r a d i a t i o n - i n d u c e d  creep, (4) f a t i g u e ,  and (5) 

i r r a d i a t i o n - i n d u c e d  swe l l i ng .  Because t h e  f u e l  p i n  i n t e g r i t y  i s  a f f e c t e d  by the  

design o f  bo th  t h e  f u e l  and reac to r ,  t h e  c ladd ing  i n t e g r i t y  l i m i t s  and c r i t e r i a  

must be de f i ned  by the  r e a c t o r  designer and must be supported by t e s t  data and 

analyses. I 

For the  FFTF a design o v e r a l l  c l add ing  " i n t e g r i t y  l i m i t "  was proposed' cor-  

responding t o  0.7% i n e l a s t i c  deformat ion (due t o  thermal creep and p l a s t i c  deforma- 

t i o n ) .  Based on t h e  0.7% i n e l a s t i c  s t r a i n  l i m i t ,  a va lue o f  0.2% s t r a i n  was se lec ted  

t o  cover s teady-state ope ra t i on  and an a d d i t i o n a l  0.1% was se lec ted  t o  cover a l l  

a n t i c i p a t e d  t r a n s i e n t  operat ions,  l e a v i n g  a 0.4% i n e l a s t i c  s t r a i n  increment a v a i l a b l e  

t o  cover a s i n g l e  u n l i k e l y  event  a t  t h e  end o f  f u e l  p i n  design l i f e .  

design i n e l a s t i c  s t r a i n  l i m i t s  a re  n o t  measurable i n  t h e  reac to r .  

iemperatures, however, can be measured, so c ladd ing  temperature l i m i t s  corresponding 

t o  t h e  c a l c u l a t e d  i n e l a s t i c  s t r a i n s  were developed. 

The 

Dur ing i r r a d i a t i o n ,  many f a c t o r s  reduce t h e  

. 

These c a l c u l a t e d  

Core coo lan t  

The FFTF c ladd ing  temperature i n t e g r i t y  l i m i t  was o r i g i n a l l y  es tab l i shed  as p a r t  o f  

t he  f u e l  p i n  t r a n s i e n t  design procedure descr ibed i n  t h e  Fuel P i n  F i n a l  Design 

Support Document. 

known as FCF-213.' 

annealed u n i r r a d i a t e d  Type 316 s t a i n l e s s  s t e e l  f o r  temperatures up t o  1600OF. 

upper c u t - o f f  a t  160OoF was p laced  on the  i n t e g r i t y  l i m i t  because the re  was a 

s p a r s i t y  o f  data on p r o t o t y p i c  m a t e r i a l s  a t  h igh  temperatures a t  t h e  t ime  t h e  

l i m i t  was performed when ana lys i s  revealed t h a t  t he re  were two p o s s i b l e  

t r a n s i e n t  events t h a t  would cause t h e  c ladd ing  temperature t o  exceed t h e  o r i g i n a l  

160OOF l i m i t .  

The procedure f o r  e s t a b l i s h i n g  the  temperature l i m i t  has become 

Th is  l i m i t  was c a l c u l a t e d  us ing  m a t e r i a l  p r o p e r t i e s  of 

An 

! o r i g i n a l  c a l c u l a t i o n s  were made. Subsequently, a re -eva lua t i on  o f  t h e  i n t e g r i t y  
3 

The h ighes t  temperature repo r ted  d u r i n g  t h e  two t r a n s i e n t s  was 1642OF. 

analyses o f  new t e n s i l e  data up t o  1800°F,3 coupled w i t h  f i s s i o n  gas pressure 

c a l c u l a t i o n s  as func t i ons  o f  burnup, t he  temperature l i m i t s  were 1584O and 1742OF 

a t  80 and 40 MWd/kg burnup respec t i ve l y .  

sodium coo lan t ,  assuming zero f l ow ,  a t  t h e  top  o f  t h e  core was c a l c u l a t e d  t o  be 

167OoF (P = 1.28 atmospheres), t h e  temperature i n t e g r i t y  l i m i t  was c u t  o f f  a t  

167OoF r a t h e r  than t h e  b u r s t  pressure-ca lcu lated 1742OF ( f o r  40 Mwd/kg fue l ) .  

Based on 

Since t h e  b o i l i n g  temperature o f  t h e  

n 



The i n i t i a l  core i n  the  FFTF i s  designed f o r  an average f u e l  burnup o f  approximately 

45,000 MWd/MT and maximum burnup o f  80,000 MWd/MT a t  a nominal coo lan t  i n l e t  tempera- 

t u r e  o f  6OOOF (900°F o u t l e t ) .  A t  h ighe r  temperatures w i t h  nominal coo lan t  i n l e t  

and o u t l e t  temperatures o f  777'F and 1077OF, r e s p e c t i v e l y  (p lus  15OF f o r  instrumen- 

t a t i o n  and c o n t r o l  band e r r o r ) ,  t he  burnup l i m i t a t i o n  f o r  t h e  h o t  p i n  was p r e d i c t e d  

t o  be i n  t h e  range 30,000 t o  39,000 MWd/MT, based on f i s s i o n  gas l oad ing  considera- 

t i o n s  only .  

repo r ted  i n  t h e  F i n a l  Safety  Analys is  Report t o  be approximately 1200°F and 140OoF, 

r e s p e c t i v e l y ,  f o r  t h e  i n i t i a l  and h ighe r  temperature r a t e d  opera t i ng  cond i t i ons .  

The maximum (ho t  channel) s teady-state c ladd ing  temperatures are 

W i t h i n  t h e  above framework o f  c a l c u l a t e d  achievable burnups and s t r a i n  l i m i t s ,  

c ladd ing  temperature l i m i t s  were developed as a f u n c t i o n  o f  f u e l  burnup and t r a n s i e n t  

cond i t i ons .  These temperature l i m i t s  were considered app l i cab le  o n l y  t o  l o s s - o f - f l o w  

t r a n s i e n t s  and slow overpower t r a n s i e n t s  i n  which quas i -equ i l i b r i um o f  the c ladd ing  

temperature and gas plenum temperature was assumed; i . e . ,  t r a n s i e n t s  i n  which t h e  

pr imary c o n t r i b u t o r  t o  c ladd ing  s t ress  i s  f i s s i o n  gas pressure. 

design l i m i t s  were thus s e t  a t  5OoF below t he  c ladd ing  temperatures which would 

r e s u l t  i n  0.1% s t r a i n  due t o  one hour o f  t r a n s i e n t  overtemperature d u r i n g  t h e  l i f e  

o f  t he  p i n .  These correspond t o  146OoF and 158OoF f o r  80 and 40 MWd/Kg burnup, 

r e s p e c t i v e l y .  

l i m i t  discussed e a r l i e r ,  which was based on a b u r s t  pressure a n a l y s i s  us ing  t e n s i l e  

data on annealed 316 SS. The c ladd ing  temperature and s t r a i n  design l i m i t s  de r i ved  

from t h e  above cons ide ra t i ons  are prov ided i n  Table 4.2-2. 

The t r a n s i e n t  

Note t h a t  these temperatures are lower than t h e  temperature i n t e g r i t y  

For l o s s - o f - f l o w  events then, t he  r e l a t i o n s h i p s  between s t r a i n ,  t ime,  and tempera- 

t u r e  a re  as fo l l ows :  

( 1 )  Thermal creep s t r a i n  o f  0.1% i s  t h e  l i m i t i n g  f a c t o r  f o r  "upset" l oss -o f - coo lan t  

events. 

(2) Temperature l i m i t s  have been developed t o  bound s t r a i n  i n d i r e c t l y  because 
s t r a i n  cannot be measured i n - r e a c t o r .  

The t r a n s i e n t  temperature design l i m i t s ' a r e  based on one hour o f  e levated 

temperature u n i f o r m l y  d i s t r i b u t e d  throughout  t h e  l i f e  o f  ' the f u e l ,  and are 

lower than t h e  f u e l  temperature i n t e g r i t y  l i m i t s  which a i e  based on a b u r s t  

pressure ana lys i s .  

t .  

(3) 

, r  ,- 

. - 9  

r 3 ,  

For t r a n s i e n t  overpower 'events; i . e . ,  r e a c t i v i t y  i n s e k i o n  acc idents ,  f u e l  and 

c ladd ing  temperature behavior  a re  considered t o  d i f f e r  from loss -o f - coo lan t  behavior  

because o f  a i f f e r e n t i z i  thermal expansiofi between t h e  f u e l  ' p e l l e t s  and c ladding.  

The pos tu la ted  f u e l  behavior  d u r i n g  a " rap id "  t r a n s i e n t  overpower event o r  a r e a c t o r  

i n s e r t i o n  acc ident  i s  descr ibed phenomenological ly i n  Appendix D o f  the  response t o  

s t a f f  quest ion 241.3. For slow r e a c t i v i t y  i n s e r t i o n  acc idents  (5  cents/second) data 

4- 7 



Coolant I n l e t  

Temperature ( O F )  

600 

792 

-- 

TABLE 4.2.-2 

CLADDING STRAIN AND TEMPERATURE LIMITS 

Maximum Fuel Peak Cladding 

Burnup (Mwd/MT) S t r a i n  (%) Temperature (OF)  

80,000 0.2 1200 

-- 0.3* 1460* 

-- 0.7 1580 

40,000 0.2 1400 

--  0.3 1580 

-- 0.7 1670 

Operating 

Condi t ions 

Normal 

Upsets 

Emergency 

Normal 

Upsets 

Emergency 

*Tota l  s t r a i n  equals 0.2% (s teady-state)  p l u s  up t o  0.1% ( t r a n s i e n t ) .  The associated 

temperature l i m i t s  were se lec ted  t o  be 5OoF below t h e  c ladd ing  temperature which would 

r e s u l t  i n  0.1% s t r a i n  due t o  one hour o f  t r a n s i e n t  overtemperature d u r i n g  t h e  l i f e  o f  

t h e  p i n .  

presented i n  suppor t  o f  t h e  FCF-213 t r a n s i e n t  overpower r e a c t i v i t y  i n s e r t i o n  

acc idents  model c o n s i s t  o f  r e s u l t s  o f  t h e  HEOL P-19 and P-20 experiments on 

p ~ w e r - t o - m e l t ~ ' ~  coupled w i t h  some European i r r a d i a t i o n  Design 

requirements o f  t h e  p l a n t  p r o t e c t i o n  system were based upon a 3$/sec r e a c t i v i t y  

ramp, which was n o t  considered c r e d i b l e  b u t  was used as an upper l i m i t  i n c i d e n t  i n  

the  development o f  c r i t e r i a  f o r  t h e  p l a n t  p r o t e c t i o n  system design. The design 

ana lys i s  r e p o r t e d l y  showed t h a t  no p l a s t i c  s t r a i n  would be expected f o r  any t r a n s i e n t  

overpower event  terminated by a p r imary  scram t r i p  (15% overpower), w h i l e  some 

p l a s t i c  s t r a i n  below t h e  " i n t e g r i t y  l i m i t "  o f  0.7% s t r a i n  was c a l c u l a t e d  f o r  a 

t r a n s i e n t  t e rm ina ted  by t h e  backup scram t r i p  (25% overpower). It i s  impor tant  t o  

note t h a t  from t h e  fue l  des igne r ' s  s tandpoint ,  t h e  s i g n i f i c a n t  comparison t h a t  can 

be made w i t h  t h e  c ladd ing  i n t e g r i t y  l i m i t  f o r  r e a c t i v i t y  i n s e r t i o n  events i s  whether 

t h e  FCF-213 des ign method p r e d i c t s  f a i l u r e s  t o  occur e a r l i e r  or  l a t e r  than i n  a 

r e a l  event. 

p r e d i c t e d  f a i l u r e  t imes were e a r l i e r  t han  observed f a i l u r e  times. 

no f a i l u r e  was p red ic ted ,  b u t  a p a r t i c u l a r  s t r a i n  va lue was p red ic ted ,  a comparison 

w i t h  experimental da ta  cou ld  be made o n l y  f o r  those t e s t s  where some s t r a i n  was 

p r e d i c t e d  b u t  zero s t r a i n  was measured. 

i n  terms o f  r e l a t i v e  magnitude o f  s t r a i n s  because the  FCF-213-calculated s t r a i n  i s  

n o t  a r e a l  s t r a i n .  

For these comparisons TREAT data were used t o  determine whether 

For cases where 

Meaningful comparisons cou ld  n o t  be made 

n 
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1.2.3 Design Evaluation 

The lifetime prediction methodology used for the FFTF fuel cladding is known as the 
"FCF-213 methodology" (the name is derived from the number of the report' in which 
the procedure is first presented). In the FCF-213 methodology, designated cladding 
plastic strain limits (see Section 4.2.2) are translated into cladding design 
temperature limits which are related to calculated steady-state or transient 
lifetimes (steady-state burnup or transient time to failure). 
values are meant to be conservative; i.e., they are intended to be less than the 
true capability of the fuel rods in the FFTF. Thus, they are meant to provide a 
reasonable margin to failure. The paramount question, therefore, is concerned with 
whether the FCF-213 methodology, coupled with other FFTF design limits, provides a 
conservative approach to preclude fuel failure in the FFTF. 

These calculated 

Because the FCF-213 methodology establishes the primary bases for the FFTF fuel 
design, the technical review of the FFTF fuel design is by and large a review or 
critique of the FCF-213 methodology. 
reactor licensing during the review of the fuel design analysis in the Clinch River 
Breeder Reactor (CRBR). Because the FFTF fuel design is,virtually identical to 
that of the CRBR, and since the experimental data used in the derivation and support 
of the FCF-213 design method for the CRBR is essentially unchanged for the FFTF, 
the criticism and comments provided in our safety evaluation 
design analysis are, to a large degree, also applicable to FFTF. Some differences 
do exist, however, between the planned modes of operation of CRBR and FFTF fuel and 
between the proposed operational limits. Because of these differences, the 
conclusions reached during our review of the Clinch River Breeder Reactor are 
subject to some modification. 
of a critique of the FCF-213 methodology and supporting liquid metal fast breeder 
reactor transient technology data base and an explanation of the effects that 
differences in the CRBR and the FFTF design limits and modes of operation have on 
the acceptability of the FCF-213 approach  and FFTF fuel design. 

Similar methodology was first encountered in 

8 of the CRBR fuel 

The following discussion, therefore, is in the form 

The basic assumption in the FCF1213 methodology is that it is conservative to sub- 
stitute the creep "rate and tensile stress strain relationships of unirradiated, 
solution-annealed 316 stainless steel for ,those of highly irradiated 20% cold 
worked 316'55; that is, that the former i s  weaker than the latter and will, therefore, 
fail sooner. Thus, the proposed cladding strain and temperature design limits are 
intended to serve only as guidelines t o  asLure that fuel pin actual lifetimes are 
greater than the design lifetime. To dednstrate that the FCF-213 methodology is 
conservative for FFTF fuel rods, .it must be shown, therefore, that a significant 
margin to failure woul 
protection system-terminated emergency evebt., That is, it must 'be demonstrated 
that the plant protection system will initiate scram and that negative reactivity 
will be inserted sufficiently rapidly that. the calculated 0.7% cladding strain 
integrity limit will not be violated and that, even if this limit were to be violated, 

1 
1 

I /  'expected for'reactor operations through the single plant 
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a s i g n i f i c a n t  margin t o  f a i l u r e  would s t i l l  e x i s t  such t h a t  c ladd ing  i n t e g r i t y  

would s t i l l  be r e t a i n e d  i n  a l l  b u t  a small  f r a c t i o n  o f  t h e  t o t a l  number o f  f u e l  

rods. 

Models and Analyses Used i n  the  FCF-213 Methodology 

The models and cases considered i n  the  FCF-273 methodology a re  presented i n  the  

F i n a l  Safety  Analys is  Report subsect ion 4.4.1.1.1 f o r  s teady-state ‘operation,’  i n  

subsection 4.4.1.2.1 f o r  t r a n s i e n t  ope ra t i on  and i n  Refs. 9 and 10 (as w e l l  as t h e  

o r i g i n a l  FCF-213 document.2 

When these models were f i r s t  encountered and reviewed as p a r t  o f  the CRBR review, 

it was concluded t h a t  severa’l impor tant  models had n o t  been demonstrated t o  be 

conservat ive.  

A d d i t i o n a l  d i scuss ion  i s  prov ided i n  subsection 15.1.1.1.2. 

The reasons f o r  t h i s  conclus ion are g iven i n  the f o l l o w i n g  sect ions.  

Steady-State Models 

The assumption t h a t  t he  thermal creep r a t e  o f  u n i r r a d i a t e d  annealed 316 SS prov ides 

20% CW 316 SS d u r i n g  i n -co re  s teady-state ope ra t i on  does n o t  have suppor t  v i a  

app l i cab le  experimental data. The experimental data presented t o  support t h i s  

model (Fig. 4241.85-3, CRBR PSAR Amendment 30) compared FCF-213 c a l c u l a t e d  0.2% 

s t r a i n  w i t h  p o s t i r r a d i a t i o n  s t ress  r u p t u r e  data f o r  20% CW 316.” 

attempted t o  show t h a t  t h e  FCF-213 methodology would have prevented f a i l u r e  s ince 

t h e  c a l c u l a t e d  t ime  t o  achieve 0.2% s t r a i n  was l e s s  than t h e  ac tua l  rup tu re  t ime. 

We cont inue t o  d isagree w i t h  the  con ten t i on  f o r  t h e  f o l l o w i n g  reasons: 

, a conservat ive model f o r  ( i . e . ,  i s  f a s t e r  than) t h e  thermal creep r a t e  o f  i r r a d i a t e d  

This  comparison 

(1) The referenced data a re  f o r  low f l uence  l e v e l s  (0.2 t o  0.9 x 10” n/cm2, E>0.1 
MeV, compared t o  FFTF peak f l uence  o f  approximately 1 x l o z 3  n/cm 

MWd/t burnup). ’ 

2 f o r  80,000 

Long-term e leva ted  temperature i r r a d i a t i o n  causes recovery o f  c o l d  work and 

loss o f  s t reng th .  

i r r a d i a t e d  annealed 316 SS about t h e  same as t h a t  o f  u n i r r a d i a t e d  annealed 316 

SS a t  t e s t  temperatures > 1400°F,12 i t  would be expected t h a t  creep r a t e s  ( o r  

creep s t reng ths )  would a1 so be roughly  equ iva len t  a t  these temperatures. 

Moreover, s ince creep may cause some recovery o f  c o l d  work, i t  would be expected 

t h a t ,  under the  combined a f f e c t s  o f  long-term i r r a d i a t i o n  and creep, t h e  creep 

r a t e s  o f  u n i r r a d i a t e d  annealed and i r r a d i a t e d  c o l d  worked 316 SS would be 

s i m i l a r  a t  r e l e v a n t  temperatures. 

Because t h i s  r e s u l t s  i n  y i e l d  s t r e n g t h  values o f  h i g h l y  

( 3 )  High f luence leads t o  l o s s  o f  d u c t i l i t y .  Because r u p t u r e  l i f e  depends upon 

both creep r a t e  and d u c t i l i t y ,  t he  r u p t u r e . 1 i f e  o f  h i g h l y  i r r a d i a t e d  20% CW 
316 may f a l l  below t h e  FCF-213 c a l c u l a t e d  t ime  t o  achieve 0.2% s t r a i n  w i t h  

annealed 316 SS. 
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Because no new experimental data were presented ( s ince  the  CRBR rev iew) t o  suppor t  

t he  FCF-213 steady-state models, t h e  above conclusions remain v a l i d  f o r  FFTF. 

a d d i t i o n ,  o t h e r  conclus ions 1-egarding wastage allowances, s y n e r g i s t i c  e f f e c t s ,  

e tc . ,  remain v a l i d .  For example, i t  ha5 c o t  y e t  been demonstrated t h a t  t he  gross 

wastage allowance i s  a conservat ive model f o r  t he  notch e f f e c t  from p r e f e r e n t i a l  

g r a i n  boundary chemical a t t a c k  o r  f o r  t he  p o t e n t i a l l y  enhanced e f f e c t  o f  Pu bu rn ing  

i n  the  FFTF on c ladd ing  p r e f e r e n t i a l  g r a i n  boundary a t t a c k  by f u e l  f i s s i o n  products .  

Burn ing Pu i n  t h e  FFTF produces approximately 30% less  Z r  than the  bu rn ing  o f  U i n  

EBR-11. 

Furthermore, t h e  c ladd ing  wastage allowance f o r  f r e t t i n g  and wear, a l though r e c e i v i n g  

support from 316 s t a i n l e s s  s t e e l  p i n - d i s k  t e s t s  a t  Westinghouse and Kar lsruhe 

and more near p r o t o t y p i c  c ladd ing  and wire-wrap geometry wear t e s t s  a t  t h e  L i q u i d  

Metal Engineer ing Center15 has inever been v e r i f i e d  v i a  measurements on f u l l - l e n g t h  

FFTF rods. 

I n  

Th is  may s i g n i f i c a n t l y  a f f e c t  t h e  o x i d a t i o n  p o t e n t i a l  f o r  t he  c ladding.  

13,14 

It has n o t  been demonstrated, moreover, t h a t  i r r a d i a t i o n  e f f e c t s ,  c ladd ing  chemical 

a t t a c k ,  and creep a re  independent e f f e c t s  (as  i s  i m p l i e d  by the  FCF-213 methodololgy) 

r a t h e r  than s y n e r g i s t i c  e f f e c t s .  Nor has i t  been demonstrated t h a t  t he  worst  com- 

b i n a t i o n s  o f  i r r a d i a t i o n  induced creep and s w e l l i n g  and f a b r i c a t i o n  v a r i a b l e s  have 

been considered because o f  t h e  fo l l ow ing :  

(1) The "worst" (most conservat ive)  f u e l  c ladd ing  i n t e r a c t i o n  loads would r e s u l t  

from no allowance being made f o r  s w e l l i n g  and i r r a d i a t i o n  creep; t h i s  i s  

probably  n o t  t he  "worst" case considered (otherwise i t  would have been so 

s ta ted ) .  

(2) It i s  noted i n  Ref. 11 on p. 4 and shown i n  F igure 6-10 o f  Addendum I11 t o  

WARD-D-D146 t h a t ,  even when us ing  an equat ion t h a t  "agreed w i t h  the  experimental 

data q u i t e  w e l l , "  t he  c a l c u l a t e d  t o t a l  s w e l l i n g  and creep (due t o  swe l l i ng -  
enhanced i r r a d i a t i o n  and thermal creep) i s  much l e s s  (by 0.3% t o  1.2% s t r a i n ,  

i . e . ,  25-60%) than t h e  measured AD/D s t r a i n .  

T rans ien t  Models 

As i n  t h e  case o f  t he  s teady-state models, t he  t r a n s i e n t  models were reviewed as 

p a r t  o f  t h e  CRBR P re l im jna ry  Sa fe ty  Analys is  Report rev iew and the  shortcomings and 

weaknesses obseryed then  s t i l l  e x i s t  a t  present .  

(1) The use o f  annealed u n i r r a d i a t e d 1 3 J 6  SS t o  cqnserva t i ve l y  model t he  p l a s t i c  

s t r a i n  behavior  o f  20% c o j d  worked i r r a d i a t e d  316 SS d u r i n g  t r a n s i e n t  events 

i s  n o t  subs tan t i a ted  by a v a i l a b l e  mechanical p r o p e r t y  data. 

(a) The Nuclear Systems Material-Handbook (Ref. 12, Vol. 2, Book 1, Sect 

5, p roper t y  code 2127 (E-1) p . l . 1 )  notes t h a t  above 140OoF annealed 

u n i r r a d i a t e d  316 SS i s  recommended t o  descr ibe t h e  f l o w  s t r e s s  behav 
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o f  c o l d  worked i r r a d i a t e d  316 SS and, s ince no i r r a d i a t i o n  hardening 

occurs i n  annealed 316 SS a t  these temperatures (see Nuclear Systems 

Volunteer Handbook Vol. I, Book 1, Sect ion 4, 2127 (E-1), p. 11.2), 

annealed u n i r r a d i a t e d  316 SS i s  a s u i t a b l e  model f o r  annealed i r r a d i a t e d  

316 SS. Therefore, annealed u n i r r a d i a t e d  and cold worked i r r a d i a t e d  316 

SS are equ iva len t  a t  temperatures above 1400°F. 

Even a t  13OO0F, a t  the va lue o f  t he  t r a n s i e n t  ("upsets") s t r a i n  l i m i t ,  
0.1% p l a s t i c  s t r a i n ,  t he  conservatism o f  annealed u n i r r a d i a t e d  316 SS i s  

on l y  approximately 2.5 k s i  (see Nuclear Systems M a t e r i a l  Handbook, Vo l .  
2, Book 1, Sect ion 5,  2107 (E-1) 1 p. 1-6 and Vol. I, Book 1, Sect ion 4, 
2107 (E-1) 1 P. 1.10). 

(2) The FCF-213 methodology may be nonconservative because i t  attempts t o  prec lude 

f a i l u r e  d u r i n g  overpower events by u t i l i z i n g  o n l y  f i s s i o n  gas pressure l oad ing  

t o  c a l c u l a t e  a " b u r s t  pressure."  

mechanical i n t e r a c t i o n  loading.  Such load ing  ( f o r  example, d i f f e r e n t i a l  

f ue l - c ladd ing  thermal expansiori and f u e l  expansion upon me l t i ng )  has been 
i d e n t i f i e d  as a pr imary t r a n s i e n t  l oad ing  mechanism f o r  t r a n s i e n t  overpower 

events (see "Safety  Engineer ing Q u a r t e r l y  Report, August - 1975", 

GEAP-13923-13, p. 24). 

It thereby neglects  a l l  f u e l  c ladd ing  

16 

(3) The FCF-213 methodology c a l c u l a t i o n s  f o r  t he  design maximum temperatures f o r  

emergency events (1580 - 1670°F) may n o t  be conservat ive f o r  t he  FFTF because: 

(a) A nonconservative m a t e r i a l  p r o p e r t y  model i s  used ( t h a t  i s ,  annealed 

u n i r r a d i a t e d  316 SS s t ress  s t r a i n  p r o p e r t i e s  f o r  those o f  20% c o l d  worked 

i r r a d i a t e d  316 SS, as i n  t h e  preceeding data). 

(b) It does n o t  model t he  f u e l  c ladd ing  mechanical i n t e r a c t i o n  loadings 

expected f o r  overpower emergency events, b u t  uses, instead,  o n l y  100% 

f i s s i o n  gas re lease  loading. 

Experimental Fuel Rod Data Suppor t ing t h e  FCF-213 Methodology 

Experimental f u e l '  r o d  data used i n  suppor t  o f  t h e  FCF-213 methodology a re  presented 

and discussed i n  Chapter 15 and Appendix C o f  t he  F i n a l  Safety  Ana lys i s  Report and 

i n  Ref. 9 as w e l l  as i n  severa l  CRBR re ferences.  We conclude t h a t  these data do 

n o t  p rov ide  adequate v e r i f i c a t i o n  o f  t h e  pu rpo r ted  conservatism o f  t h e  FCF-213 

methodology coupled w i t h  t h e  FFTF des ign l i m i t s  as discussed i n  t h e  nex t  two 

paragraphs. 

Steady-State Fuel Rod Data 

T a l e  15.1.1-3 o f  t h e  F i n a l  Sa fe ty  Ana lys i s  Report conta ins a comparison o f  exper i -  

mental f u e l  p i n  l i f e t i m e s  w i t h  p r e d i c t e d  l i f e t i m e s  us ing  the  FCF-213 des ign procedure. 
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The r a t i o  o f  a t t a i n e d  burnup t o  design l i f e t i m e  ( i . e . ,  design burnup) i s ,  i n  most 

cases, g rea te r  t han  one. 

design l i f e t i m e ,  however, may n o t  r e f l e c t  t h e  p o t e n t i a l  reduc t i on  i n  ac tua l  l i f e t i m e  

t h a t  might  r e s u l t  i n  t h e  FFTF due t o  some o f  t h e  design d i f f e r e n c e s  i n  t h e  FFTF 

rods as compared t o  E B R - I 1  t ype  f u e l  rods. FFTF f u e l  rods, f o r  example, may s u f f e r  

g r e a t e r  c ladd ing  degradation ( t h a t  i s ,  more i r r a d i a t i o n  damage) due t o  t h e  h ighe r  

f luence-to-burnup r a t i o  i n  t h e  FFTF. They may a l s o  undergo g r e a t e r  f ue l / c ladd ing  

chemical a t t a c k  from the  f i s s i o n i n g  o f  Pu-239 i n  p lace o f  U-235 (an enhanced chemical/ 

mechanical " f u e l  adequacy" e f f e c t ) .  The observed low r a t i o  ( < 1 )  o f  ac tua l  l i f e t i m e s  

t o  c a l c u l a t e d  design a l lowables f o r  some subassemblies l i s t e d  i n  Table 15.1.1-3 o f  

t he  F i n a l  Safety  Analys is  Report a re  asc r ibed  t o  "wear". These e f f e c t s  should have 

been accounted f o r  i n  t h e  design procedure and "conservat ive"  creep model, b u t  they 

were not .  I t  should be noted, however, t h a t  t h e  respec t i ve  burnups i nvo lved  f o r  

t h e  f a i l e d  p i n s  (*52,000-61,000 MWd/MTM) a re  above t h e  design average burnup f o r  

t he  i n i t i a l  core opera t i on  and a re  above the  peak burnup f o r  r a t e d  operat ion.  

These "conservat ive"  r a t i o s  o f  ac tua l  1 i f e t i m e  t o  c a l c u l a t e d  

T rans ien t  Fuel Rod Data 

L i q u i d  meta l  f a s t  breeder r e a c t o r  f u e l  r o d  t r a n s i e n t  t e s t  data o r i g i n a t e  from two 

pr imary sources: (a) f u e l  c ladd ing  t r a n s i e n t  t e s t e r  r e s u l t s  a t t a i n e d  on non-fueled 

sec t i ons  o f  c ladd ing  from f u e l e d  and unfueled (plenum) reg ions o f  i r r a d i a t e d  p ins ,  

and (b) TREAT t e s t s .  

d e t a i l "  as p a r t  o f  t he  CRBR P re l im ina ry  Safety  Analys is  Report review. 

o f  t h a t  e f f o r t  i n d i c a t e d  t h e  f o l l o w i n g :  

The f u e l  c ladd ing  t r a n s i e n t  t e s t s  data were examined i n  

The r e s u l t s  

A m a j o r i t y  o f  specimens f a i l e d  a t  temperatures below those descr ibed i n  t h e  

CRBR P re l im ina ry  Sa fe ty  Analys is  Report as t h e  maximum expected t o  be a l lowed 

f o r  upset and emergency events (1450 and 160OoF respec t i ve l y ) .  

A comparison o f  measured incremental s t r a i n s  a t  f a i l u r e  w i t h  t h e  FCF-213 

design procedure 0.1% incremental s t r a i n  c r i t e r i o n  ( f o r  upset events) showed 

t h a t  f a i l u r e s  occurred i n  some cases a t  l e s s  than t h e  0.1% s t r a i n  l i m i t .  

The data base was n o t  p r o t o t y p i c  o f  CRBR ( o r  FFTF) because, 

(a) The f luence f o r  data was 5 4 x lo2' n/cm2 vs + 1 x 

burnup), 

A h ighe r  f l uence  t o  burnup r a t i o  i s  expected i n  CRBR/FFTF than i n  EBR-11, 

The bu rn ing  o f  Pu-239 r a t h e r  than U-235 r e s u l t s  i n  a g rea te r  f u e l /  

c l add ing  chemical a t t a c k  p o t e n t i a l  i n  CRBR/FFTF, 

( f o r  80,000 W d / t  

(b) 

(c) 

4-13 



(d) A l a r g e r  p o t e n t i a l  c ladd ing  s teady-state thermal creep s t r a i n  a t  goal 

CRBR burnup (due t o  fue l / c ladd ing  gap c losures)  would be expected t o  

reduce t r a n s i e n t  s t r a i n  c a p a b i l i t y ,  and 

(e) Fuel c ladd ing  t r a n s i e n t  t e s t e r  data >re n o t  r e l e v a n t  t o  overpower events; 

t e s t s  a re  gas pressure o n l y  and do n o t  t r e a t  f u e l  c ladd ing  mechanical 

i n t e r a c t i o n .  I 

I n  r e b u t t a l  t o  these c r i t i c i s m s  and i n  p a r t i a l  response t o  s t a f f  quest ion 241.16 

(see FSAR supplement 12, p a r t  2, p. 241.16-7), t h e  f o l l o w i n g  p o i n t s  were made by 

the  Westinghouse Hanford Company, an FFTF P r o j e c t  subcontractor .  

"Recent thermal analyses have caused a change i n  pe rcep t ion  o f  t h e  t r a n s i e n t  

overpower event. 

l oss -o f - f l ow  events behave d i f f e r e n t l y  from a l l  t r a n s i e n t  overpower events, 

r a t h e r  than j u s t  f o r  very  r a p i d  t r a n s i e n t  overpower events" and " . . . d i f f e r e n t i a l  

thermal expansion and r e s u l t a n t  c ladd ing  p l a s t i c  s t r a i n  cannot be r u l e d  o u t  i n  
slow t r a n s i e n t  overpower events." 

It i s  now recognized t h a t  f u e l  and c ladd ing  temperatures f o r  

"Cladding temperature l i m i t s  a r e  n o t  t h e  approp r ia te  c r i t e r i o n  f o r  j udg ing  

whether t h e  s t r a i n  l i m i t s  a re  met i n  a l l  t r a n s i e n t  overpower events. Thus, 

t he  i m p l i c a t i o n  i n  BNWL-2071 conc lus ion  4.1.1 t h a t  c ladd ing  temperature l i m i t s  

a re  n o t  adequate i s  c o r r e c t . .  . I '  

" I n d i v i d u a l  f ea tu res  embodied i n  t h e  FCF-213 design procedure cannot be 

e x t r a c t e d  f o r  examination on t h e i r  own mer i t s .  

a p p l i c a t i o n  o f  t h e  FCF-213 design procedure should be compared." (emphasis 

added). 

Only t h e  n e t  r e s u l t  o f  

"The impor tant  cons ide ra t i on  i s  n o t  whether the  design procedure accu ra te l y  

c a l c u l a t e s  t h e  s t r a i n  a t  f a i l u r e ,  b u t  r a t h e r  whether t h e  time o f  c ladd ing  

f a i l u r e s  i n  a t r a n s i e n t  overpower event was p r e d i c t e d  conserva t i ve l y  o r  not . "  

(emphasis added). 

These above quoted responses l i e  a t  t h e  h e a r t  o f  t h e  c u r r e n t  a p p l i c a t i o n  o f  t h e  

FCF-213 methodology t o  t h e  FFTF f u e l  design. 

o f  t h e  FCF-213 approach, we noted i n  rega rd  t o  observed TREAT t e s t s  versus FCF-213 

p r e d i c t e d  f a i l u r e  t imes (CRBR PSAR Table 4.2-E and FFTF PSAR Table 15.1.2-4) t h a t ,  

even though most observed f a i l u r e  t imes were "conservat ive" ,  ( t h a t  i s ,  t h e  f a i l u r e  

occurred l a t e r  than FCF-213 p r e d i c t i o n s ) ,  conservatism f o r  CRBR (and FFTF) was n o t  

unambiguously demonstrated by t h e  data because o f  an impor tan t  n o n p r o t o t y p i c a l i t y  

assoc iated w i t h  t e s t i n g  i n  TREAT v i s - a - v i s  ope ra t i on  o f  a CRBR o r  an FFTF. I n  

TREAT, f u e l  rods are t e s t e d  w i t h  f u e l  t h a t  i s  cracked from t h e  prev ious EBR-I1 

shutdown. 

When we reviewed t h e  CRBR t reatment  

I n  c o n t r a s t  a p r o t o t y p i c  f u e l  c o n d i t i o n  (where cracked f u e l  p ieces would 
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be p a r t i a l l y  fused toge the r  a t  ope ra t i ng  temperature) might  r e s u l t  i n  h ighe r  c ladd ing  

s t resses (due t o  more f u e l  c l a d  mechanical i n t e r a c t i o n )  and, t h e r e f o r e ,  s h o r t e r  

t imes t o  f a i l u r e .  

Conservatism, r e l a t i v e  t o  FFTF peak burnup, i s  a l s o  n o t  unambiguously demonstrated 

by t h e  aforementioned low burnup data because o f  t h e  e f f e c t  o f  s teady-state power 

and burnup on gap c losu re  (GEAP-13923-16, p. 34).’* 

c losu re  would reduce t r a n s i e n t  f u e l  c l a d  mechanical i n t e r a c t i o n  loads. The two 

t e s t  rods t h a t  had a c a l c u l a t e d  gap c losu re  o f  100% (HOP-3-2A, 3-26) and y e t  d i d  

n o t  f a i l  were terminated t e s t s .  

have produced p r o t o t y p i c  FFTF c ladd ing  degradation. 

Lack o f  s teady-state gap 

Yet they had r e l a t i v e l y  low burnups t h a t  would n o t  

Due t o  t h e  r e s u l t s  o f  t h e  $3/sec terminated TREAT t e s t s  on HOP-3-2A and 3-26, t e s t s  

f o r  which 100% gap c losures were modeled, conservatism, r e l a t i v e  t o  t h e  FCF-213 

s t r a i n  l i m i t ,  i s  a l s o  i n  doubt, f o r  two reasons: 

(1) Even though scram was i n i t i a t e d  a t  0.34 and 0.38 seconds, r e s p e c t i v e l y  (Figs. 

C-2 and C-3, Ref. 9), incremental t r a n s i e n t  s t r a i n s  exceeding the  FFTF t r a n s i e n t  

s t r a i n  l i m i t  o f  0.1% were observed (0.15 and 0.2%, r e s p e c t i v e l y ,  p. C-2, 
Ref. 9). 

(2) I n  a d d i t i o n ,  cracked f u e l  i n  TREAT may reduce c ladd ing  l oad ing  and the  p o t e n t i a l  

f o r  a d d i t i o n a l  s t r a i n .  

Confidence i n  t h e  degree of conservatism inhe ren t  i n  t h e  FCF-213 methodology as 

a p p l i e d  t o  FFTF i s  n o t  enhanced by any o f  t h e  data because o f  t he  expected f u r t h e r  

s teady-state degradat ion i n  FFTF, as discussed above. 

Wi th rega rd  t o  cumulat ive s t r a i n  d u r i n g  TREAT and FCTT t e s t s  (Figs. HEDL 7609-72.1 
and 7609-72.4 in HEDL T1-7603503)l9 presented a t  a CRBR fue ls  meeting, October 
13-14, 1976, $3/sec ‘TREAT terminated t e s t  (HOP-3-2A and 3-26) rods were subsequently 

sect ioned and samples t e s t e d  i n  t h e  f u e l  c l a d d i c g  t r a n s i e n t  t e s t e r .  These data do 
appear t o  be conservat ive r e l a t i v e  t o  t h e  FFTF f o r  t h r e e  reasons: 

The*samples t e s t e d  i n  t h e  f u e l  c l a  

from t h e  h i g h l y  s t r a i n e d  

TREAT s t r a i n s  c i t e d  (0 a 

incremental- s t r a i n s  measure 

p. c-2). 

The f a c t  t h a t  t h e  f a - i l u  

w/th*in t h e  s d a t t e r  band 

samples received i n  TREAT, as noted above. 

ng t r a n s i e n t  t e s t e r  were apparent ly  n o t  

r t i o n s  o f  t h e  f u e l  elements s ince  t h e  incremental 

e l y )  do n o t  agree w i t h ’ t h e  maximum 

(0.15 and 0.2%, r e s p e c t i v e l y ,  Ref. 9, 

, f  , ,  

f t h e  f u e l  c ladd ing  t r a n s i e n t  t e s t e d  samples f e l l  

t h e  t e s t  c o n d i i i o n s  r e f l e c t s  t h e  low damage these 
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(3) The TREAT t e s t s  are nonpro to typ ic  (cracked f u e l ,  see above) and the  c ladd ing  

degradat ion i s  nonpro to typ ic  (see d iscuss ion  e a r l i e r ) .  

P l a n t  P r o t e c t i o n  System - Speed o f  Response 

To ensure t h a t  f u e l  rod  i n t e g r i t y  w i l l  be mainta ined through the  design emergency 

event, the  p l a n t  p r o t e c t i o n  system must in t roduce s u f f i c i e n t  negat ive r e a c t i v i t y  

t h a t  the  c ladd ing  design s t r a i n  l i m i t  i s  no t  v io la ted .  

supposed t o  p rov ide  s u f f i c i e n t  margin t o  f a i l u r e  t h a t ,  i f  the  p l a n t  p r o t e c t i o n  

system were t o  operate s u f f i c i e n t l y  r a p i d l y ,  the  s t r a i n  l i m i t  would no t  be v i o l a t e d ,  

and even i f  i t  were, t h a t  a t  m o s t  o n l y  a small  f r a c t i o n  o f  f a i l u r e s  would be a n t i c i p a t e d .  

The FCF-213 methodology i s  

The p l a n t  p r o t e c t i o n  system response speed was based on an FCF-213 ana lys is  o f  an 

FFTF hypothe t ica l  $3/sec r e a c t i v i t y  i n s e r t i o n  (Ref.  2, Sect ion 3.3, Ref. 9, p. 15) 

and was c o r r e l a t e d  t o  the  FFTF 0.4% incremental t r a n s i e n t  s t r a i n  l i m i t  (0.5% i f  a t  

beginn ing o f  t r a n s i e n t  l i f e ;  i . e . ,  no upset events). 

system would have t o  scram and in t roduce s u f f i c i e n t  negat ive r e a c t i v i t y  such t h a t  
d u r i n g  a $3/sec t r a n s i e n t ,  t h e  0.7% t o t a l  s t r a i n  i n t e g r i t y  l i m i t  (and 0.4-0.5% 

incremental s t r a i n )  would n o t  be reached. Likewise, f o r  upsets, 0.1% incremental 

s t r a i n  would be precluded. 

i n d i c a t e d  t h a t  0.7% s t r a i n  would be achieved i n  about 0.7 seconds (Ref. 9, Fig.  6-13), 

and perhaps, t h e r e f o r e ,  s u f f i c i e n t l y  beyond the  0.45 seconds es tab l i shed as the  

necessary p l a n t  p r o t e c t i o n  system response t ime t o  prec lude f u e l  p i n  f a i l u r e s  i n  

FFTF. More recent  analyses, presented i n  response t o  s t a f f  ques t ion  241.9, i n d i c a t e  

t h a t  t h e  t e r m i n a t i o n  t i m e  f o r  a $3/second r e a c t i v i t y  i n s e r t i o n  event cou ld  be 0.422 

seconds. Thus, analyses o f  the  FSAR t r a n s i e n t  overpower events w i t h  the  FCF-213 

design procedure i n d i c a t e  t h a t  the  p l a n t  p r o t e c t i o n  system scram t r i p  s e t t i n g s  (15% 

overpower f o r  pr imary scram t r i p ,  25% overpower f o r  secondary t r i p )  prec lude any 

c ladd ing  s t r a i n i n g  f o r  a n t i c i p a t e d  (upset) events, and t h a t  c ladd ing  s t r a i n i n g  i s  

l i m i t e d  w i t h i n  the  f a i l u r e  c r i t e r i o n  o f  0.7% s t r a i n  f o r  u n l i k e l y  (emergency) events 

(up t o  $3/second). 

That i s ,  the  p l a n t  p r o t e c t i o n  

The FCF-213 a n a l y s i s  o f  the  HOP-3-3c t e s t  ( i n  Ref .  9), 

The key t o  the  a c c e p t a b i l i t y  o f  t h e  p l a n t  p r o t e c t i o n  system response t ime and i t s  

r e l a t i o n s h i p  t o  t h e  t r a n s i e n t  s t r a i n  T i m i t s  i s  t h e r e f o r e  concerned w i t h  t h e  a c c e p t a b i l i t y  

o f  the  0.7% c ladd ing  s t r a i n  i n t e g r i t y  l i m i t .  

f rom an e x t r a p o l a t i o n  o f  some Dounreay F t s t  Reactor (DFR) data (see CRBR PSAR 

Fig.  4.2-1). 

0.7% would be obta ined on 20% c o l d  worked 316 s t a i n l e s s  s t e e l  i r r a d i a t e d  a t  approximately 

1000°F t o  a t o t a l  f luence o f  %3 x l o z 2  n/cm . 
on B r i t i s h  s tee l s ,  which have somewhat d i f f e r e n t  creep-rupture p r o p e r t i e s  than U.S. 

s t e e l s  (even of t h e  same a l l o y  number). Moreover, as shown i n  t h e  above-cited CRBR 

PSAR f i g u r e ,  many o f  t h e  E B R - I 1  data p o i n t s  p l o t t e d  on t h e  f i g u r e  f a l l  below the  

DFR data l i n e .  

l i m i t  appears reasonable, t h e  data are n o t  i n  t o t a l  suppor t  o f  t h i s  value. 

This  l i m i t  appears t o  have o r i g i n a t e d  

These data were i n t e r p r e t e d  t o  show t h a t  a creep r u p t u r e  s t r a i n  o f  

2 These DFR data were obtained, however, 

The r e s u l t  i s  t h a t  a l though t h e  0.7% c ladd ing  s t r a i n  i n t e g r i t y  
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4.2.4 Fuel System Design Eva lua t i on  Summary and Conclusions 

M a r g i n - t o - f a i l u r e  i n  FFTF f u e l  rods i s  p r e d i c t e d  by t h e  FCF-213 design methodology. 

The bas i c  assumption o f  t he  FCF-213 methodology i s  t h a t  i t  i s  conservat ive t o  

s u b s t i t u t e  the  creep-rate and t e n s i l e  s t r e s s - s t r a i n  r e l a t i o n s h i p s  o f  u n i r r a d i a t e d ,  

s o l u t i o n  annealed 316 SS f o r  those o f  h i g h l y - i r r a d i a t e d  20% cold-worked 316 S S ;  

t h a t  i s ,  t h a t  t he  former i s  weaker than t h e  l a t t e r  and w i l l ,  t h e r e f o r e ,  f a i l  sooner. 

Thus, i t  i s  a c a l c u l a t i o n a l  t o o l  t h a t  i s  used t o  p r e d i c t  a conservat ive t ime  t o  

f a i l u r e  based on p rese lec ted  s t r a i n  l i m i t s  which bear no d i r e c t  r e l a t i o n s h i p  t o  

c r i t i c a l  experimental deformation. Although we concur t h a t  t he  concept o f  e s t a b l i s h i p g  

c ladd ing  s t r a i n  may be a use fu l  f a i l u r e  c r i t e r i o n ,  we b e l i e v e  t h a t  t h e  conservatism 

o f  the FCF-213 coupled w i t h  FFTF l i m i t s  has n o t  been demonstrated unequivocably f o r  

FFTF f u e l  rods w i t h  regard t o  the  models i n  the  methodology o r  t he  experimental 

v e r i f i c a t i o n  o f  t he  models. A b e t t e r  case e x i s t s  f o r  t h e  p l a n t  p r o t e c t i o n  system 

speed o f  response requirements d u r i n g  an emergency event (assuming t h a t  t h e  0.7% 

c ladd ing  s t r a i n  i n t e g r i t y  l i m i t  i s  an acceptable l i m i t ;  t h i s  assumption i s  a l s o  

d i spu tab le ) .  

Although l a c k i n g  i n  t o t a l  support f o r  t he  FCF-213 f u e l  design methodology, t h e  FFTF 

f u e l  design does, never the less,  have considerable backing i n  t h e  way o f  app l i cab le ,  

i f  n o t  complete ly  p r o t o t y p i c ,  t e s t  data. I n  a d d i t i o n ,  FFTF, as a t e s t  r e a c t o r ,  

w i l l  have a mode o f  ope ra t i on  n o t  t y p i c a l  o f  commercial power reac to rs ,  which lends 

i t s e l f  t o  t h e  p o s s i b i l i t y  o f  f requent ,  p e r i o d i c  s u r v e i l l a n c e  o f  t h e  f u e l ;  e .g . ,  

r e f u e l i n g  operat ions w i l l  t ake  p lace a t  approximately 100 day i n t e r v a l s ,  a t  which 

t ime  some s u r v e i l l a n c e ,  and even replacement, o f  f u e l  should be poss ib le .  We 

b e l i e v e  a s t rong  f u e l  s u r v e i l l a n c e  program i s  necessary because o f  t he  d i f f e r e n c e s  

between EBR-11, TREAT, General E l e c t r i c  Test  Reactor, and Dounreay Fast  Reactor 

t e s t  cond i t i ons  and FFTF; i f  t r u l y  p r o t o t y p i c  s teady-state and t r a n s i e n t  data were 

a v a i l a b l e ,  t h e  behavior  o f  FFTF f u e l  cou ld  be p r e d i c t e d  w i t h  g rea te r  confidence. 
Su rve i l l ance  i t s e l f  w i l l  n o t  supply t h e  des i red  data on FFTF f u e l  t r a n s i e n t  behavior ,  

b u t  i t  should p rov ide  some con f i rma to ry  i n f o r m a t i o n  on t h e  s teady-state a n a l y s i s  

t h a t  i f  coupled w i t h  s u i t a b l e  p o s t - i r r a d i a t i o n  examination and t e s t i n g  cou ld  p rov ide  

a d d i t i o n a l  t r a n s i e n t  behavior  i n fo rma t ion .  ,For  example, p o r t i o n s  o f  i r r a d i a t e d  

FFTF rods cou ld  be t e s t e d  in.TREAT (TREAT t e s t s  do, however, s u f f e r  from t h e  l a c k  

o f  a p r e c o n d i t i o n i n g  per iod) .  

FFTF has an a d d i t i o n a l  advantage, i n  comparison t o  t h e  CRBR, f o r  example, i n  t h a t  

t h e  f u e l  w i l l  be operated t o  a r e l a t i v e l y  modest burnup;-namely 80,000 MWd/t peak, 

-45,000 MWd/t average f o r  t h e  i n i t i a l  core and -40,000 MWd/t peak f o r  r a t e d  cond i t i ons .  

Thus t h e  demands on the, f u e l ,  ,in terms o f  - t o t a l  f u e l  du ty  and cumulat ive damage, 

a re  r e l a t i v e l y  unpretent ious and-.ace n o t  expected t o  r e s u l t  i n  a s i g n i f i c a n t  chal lenge 

t o  f u e l  r o d  i n t e g r i t y .  

development on. l i q u i d  metal f a s t  breeder r e a c t o r  f u e l s  (as ide from t h a t  planned i n  

t h e  FFTF i t s e l f )  which should p rov ide  f u r t h e r  suppor t  f o r  t h e  design. 

Moreover, t h e r e  i s  s t i l l .  ongoing and planned research and 

Thus, we 
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conclude t h a t  t he re  i s  reasonable assurance t h a t  t he  c ladd ing  i n t e g r i t y  o f  FFTF 

f u e l  w i l l  be mainta ined and t h a t  s i g n i f i c a n t  amounts o f  r a d i o a c t i v i t y  w i l l  n o t  be 

re leased through f u e l  p i n  f a i l u r e s .  

4. 3 Nuclear Design 

4.3.1 General 

The P r o j e c t  summarizes t h e  Nuclear Design and Analys is  f o r  t h e  FFTF i n  Sect ion 4.5 
o f  t he  F i n a l  Safety  Ana lys i s  Report. We and our  consul tants  a t  Brookhaven Na t iona l  

Laboratory have evaluated t h e  ana lys i s  presented i n  t h i s  sec t i on ,  have assessed t h e  

FFTF engineer ing mockup c r i t i c a l  experiments on ZPR-9 a t  Argonne Nat ional  Laboratory, 

and have performed a number o f  independent phys ics c a l c u l a t i o n s .  

our  op in ion  t h a t :  

I n  general,  i t  i s  

( 1 )  A s  f a r  as s a f e t y  a n a l y s i s  i s  concerned, t h e  methods used by the  P r o j e c t  a re  

adequate w i t h  s u f f i c i e n t  conservatism t o  cover u n c e r t a i n t i e s ;  and 

(2) The SEFOR experiments and the  FFTF engineer ing mockup c r i t i c a l  experiments 
p rov ide  good con f i rma to ry  suppor t  t o  t he  methods and data p r e s e n t l y  used t o  

evaluate t h e  nuc lea r  design, e s p e c i a l l y  t h e  s a f e t y - r e l a t e d  parameters. 

The s t a f f ' s  independent con f i rma to ry  ana lys i s  supports the  p o s i t i o n  o f  t h e  P r o j e c t  

on key c o e f f i c i e n t s  and parameters. Thus we conclude t h a t ,  from a s a f e t y  p o i n t  o f  

view, the  FFTF nuclear  design i s  adequate and w e l l  understood. The s t a r t u p  phys ics 

t e s t i n g  program planned f o r  t h e  FFTF should f u r t h e r  con f i rm  the  F i n a l  Safety  Analys is  

Report evaluat ion.  

4.3.2 Power D i s t r i b u t i o n s  

The P r o j e c t  has presented a d e t a i l e d  d i scuss ion  o f  t h e  power d i s t r i b u t i o n  a n a l y s i s  

and exper imentat ion f o r  t h e  FFTF. The a n a l y s i s  i nc ludes  c a l c u l a t i o n  o f  power 

p r o f i l e s  and power peaking f a c t o r s  f o r  t he  f i r s t  s i x  ope ra t i ng  cyc les  f o r  t h e  FFTF 

us ing  bo th  a 2-0 and 3-D d i f f u s i o n  theo ry  c a p a b i l i t y .  

ad jus ted  us ing  b i a s  f a c t o r s  ( ca l cu la t i on - to -exper imen t  r a t i o s )  de r i ved  from t h e  

engineer ing mockup c r i t i c a l  experiments performed on ZPR-9. 

239Pu f i s s i o n  r a t e  d i s t r i b u t i o n ,  us ing  239Pu f o i l s ,  were performed over  a midplane 

t r i s e c t i o n  and a x i a l l y  a long t h e  core c e n t e r l i n e .  

The c a l c u l a t e d  values a r e  

Measurements o f  t h e  

4.3.3 R e a c t i v i t y '  C o e f f i c i e n t s  

The r e a c t i v i t y  c o e f f i c i e n t s  a re  expressions o f  t h e  e f f e c t  on neutron m u l t i p l i c a t i o n  

o f  changes i n  such core c o n d i t i o n s  as power, temperature, and coo lan t  vo id ing.  

These c o e f f i c i e n t s  vary w i t h  f u e l  burnup. 

these c o e f f i c i e n t s  and has a l s o  evaluated t h e  accuracy o f  these c a l c u l a t i o n s .  

The P r o j e c t  has presented t h e  values o f  
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We have performed independent c a l c u l a t i o n s ,  reviewed t h e  P r o j e c t ' s  ca c u l a t e d  , 

values o f  t he  r e a c t i v i t y  c n e f f i c i e n t s  and conclude t h a t  t he  P r o j e c t ' s  c a l c u l a t i o n s  

adequately represent  the  f u l l  range o f  expected values. We a l s o  conc ude t h a t  t he  

r e a c t i v i t y  c o e f f i c i e n t s  used i n  the  s a f e t y  ana lys i s  conserva t i ve l y  bound the  expected 

values i n c l u d i n g  u n c e r t a i n t i e s .  

The p r e d i c t e d  t o t a l  power c o e f f i c i e n t  i n  t h e  power-operating range i s  negat ive f o r  

a l l  r e a c t o r  cond i t i ons  through core l i f e  thus s a t i s f y i n g  t h e  requirements o f  General 

Design C r i t e r i o n  11. 

t h e  power c o e f f i c i e n t  d u r i n g  s t a r t u p  t e s t s  t o  check t h e  c a l c u l a t e d  values and t o  

f u r t h e r  ensure t h a t  conservat ive c o e f f i c i e n t  values were used i n  t h e  acc iden t  

analys is .  

The P r o j e c t  w i l l  measure the  sodium d e n s i t y  c o e f f i c i e n t  and 

We have performed a number o f  phys ics c a l c u l a t i o n s  us ing  t h e  DIFZD mul t i g roup  

d i f f u s i o n  theo ry  code i n  o rde r  t o  compare them w i t h  the  P r o j e c t ' s  values. Both H E X  
and R-2 c a l c u l a t i o n s  were made, a l l  w i t h  27 energy groups, ENDF/B-IV cross sec t i ons  

and a beginning o f  l i f e  core composition. 

( i . e . ,  2 20%) f o r  t he  r e a c t i v i t y - c o e f f i c i e n t  parameters considered, namely, sodium 

d e n s i t y  wor th and Doppler c o e f f i c i e n t .  

The r e s u l t s  i n d i c a t e  s u f f i c i e n t  agreement 

We evaluated a l s o  t h e  r e a c t i v i t y  e f f e c t s  r e s u l t i n g  from core geometry changes. The 

P r o j e c t  c a l c u l a t e d  a power c o e f f i c i e n t  from the  geometry e f f e c t s  t o  be -0.12B/Mw 
r e s u l t i n g  from a -O. lOB/MW c o n t r i b u t i o n  from a x i a l  expansion, a +O. 12B/MW con t r i bu -  

t i o n  from r a d i a l  expansion and bowing, and a -0.14B/MW c o n t r i b u t i o n  from d i f f e r e n t i a l  

mot ion o f  c o n t r o l  r o d  t i p s .  When the  Doppler and sodium c o e f f i c i e n t s  are inc luded,  

t h e  minimum power c o e f f i c i e n t  ( f o r  BOC cond i t i ons )  become -0.36B/MW. 
t h a t  these values a re  acceptable. 

We conclude 

4.3.4 Contro l  Rod Worth 

We evaluated t h e  P r o j e c t ' s  a n a l y s i s  and i n t e r p r e t a t i o n s  o f  experiments i n  t h e  area 

o f  c o n t r o l  r o d  worth. I n  a d d i t i o n ,  us ing  the, c a l c u l a t i o n  methods descr ibed above, 

we performed some spot-check c a l c u l a t i o n s  of i n d i v i d u a l  r o d  worths i n  t h e  beginning 

o f  l i f e  core and o f  a l l  t h e  c o n t r o l  rods. For a s i n g l e  c o n t r o l  r o d  wor th ( rod  core 

p o s i t i o n  3504, a l l  o t h e r  rods ou t ) ,  we c a l c u l a t e d  2.85$ w h i l e  t h e  P r o j e c t  c a l c u l a t e d  

3.17$. For  t h e  c o n t r o l  r o d  system wor th ( a l l  s i x  rods i n  w i t h  a l l  o t h e r  rods 

(about 25%) seems l a r g e  u n t i l .  t he  d i f f e r e n c e s  i n  t h e  c a l c u l a t i o n  techniques and 

models a re  considered: I n  any event, t h e  s t a f f - c a l c u l a t e d  values i n d i c a t e  s u f f i c i e n t  

shutdown r e a c t i v i t y .  

We have reviewed t h e  c a l c u l a t e d  r o d  worths and t h e  u n c e r t a i n t i e s  i n  these worths, 

based upon approp r ia te  comparison o f  c a l c u l a t i o n s  w i t h  experiments. On t h e  bas i s  

o f  t h i s  review, we have concluded t h a t  t h e  P r o j e c t ' s  assessment o f  r e a c t i v i t y  

c o n t r o l  requirements i s  s u i t a b l y  conservat ive,  and t h a t  adequate negat ive r e a c t i v i t y  

c 

, withdrawn), we c a l c u l a t e d  17.14$ w h i l e  t h e  P r o j e c t  c a l c u l a t e d  21.47$. Th is  discrepancy 
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4.3.5 

'4.3.6 

4.4 

4.4.1 

4-20 

wor th has been p rov ided  by t h e  c o n t r o l  system t o  assure shutdown c a p a b i l i t y  assuming 

t h e  most r e a c t i v e  c o n t r o l  r o d  assembly i s  s tuck  i n  the  f u l l y  withdrawn p o s i t i o n .  

We have concluded a l s o  t h a t  t h e  proposed c o n t r o l  r o d  worths are acceptable f o r  use 

i n  t h e  acc iden t  ana lys i s .  I n  a d d i t i o n ,  t he  values o f  these c o n t r o l  parameters w i l l  
be v e r i f i e d  i n  s t a r t u p  t e s t s .  

S t a b i l i t y  

We concur w i t h  t h e  P r o j e c t ' s  conc lus ion t h a t ,  even w i t h  very conservat ive assumptions, 

t h e  FFTF r e a c t o r  w i l l  n o t  experience any opera t i ng  d i f f i c u l t i e s  associated w i t h  

i nhe ren t  feedback i n s t a b i l i t y .  

a t  f u l l  power a re  a l l  negat ive.  

va lue f o r  t h e  bowing c o e f f i c i e n t .  Even f o r  t h e  worst  case considered, t he  s i g n i f i -  

can t  increases i n  power g a i n  occurred o n l y  a t  f requencies < 0.01 Her tz  which can be 

r e a d i l y  c o n t r o l  led.  

The "best -est imate"  r e a c t i v i t y  feedback c o e f f i c i e n t s  

A parametr ic  study d i d  i nc lude  a maximum p o s i t i v e  

A n a l y t i c a l  Methods 

The P r o j e c t  has descr ibed t h e  computer program and c a l c u l a t i o n a l  techniques used t o  

c a l c u l a t e  the  nuc lear  c h a r a c t e r i s t i c s  o f  t h e  r e a c t o r  design and has p rov ided  examples 

t o  demonstrate t h e  a b i l i t y  o f  these methods t o  p r e d i c t  experimental r e s u l t s .  

conclude t h a t  t h e  i n f o r m a t i o n  presented adequately demonstrates t h e  a b i l i t y  o f  

these a n a l y t i c a l  methods t o  c a l c u l a t e  the r e a c t o r  phys ics c h a r a c t e r i s t i c s  o f  t h e  

FFTF r e a c t o r .  

We 

Thermal-Hydraul ic Design 

Design Basis  

The p r imary  the rma l -hyd rau l i c  des ign bas i s  f o r  t h e  FFTF core i s  t h a t  adequate 

c o o l i n g  be a v a i l a b l e  t o  remove b o t h  f i s s i o n  and decay heat  under a l l  design bas i s  

events i n c l u d i n g  p o s t u l a t e d  acc idents .  

The nuc lea r  core i s  designed t o  produce 400 MWt power and i s  cooled by upward 

l i q u i d  sodium f l ow .  A l i s t  o f  t h e  major core the rma l -hyd rau l i c  parameters i s  

prov ided i n  Table 4.4-1. 

The heat  generated i n  the  core i s  removed v i a  t h e  t h r e e  sodium loops o f  t h e  p r imary  

heat  t r a n s p o r t  system. 

i n te rmed ia te  heat  t r a n s p o r t  system loop v i a  an i n te rmed ia te  heat  exchanger. 

heat i n  each o f  t h e  t h r e e  i n te rmed ia te  loops i s  then t r a n s f e r r e d  t o  t h e  atmosphere 

v i a  f o u r  sodium-to-a i r  heat  exchangers i n  each loop. 

The heat  i s  then t r a n s f e r r e d  from each p r imary  loop t o  an 

The 



TABLE 4.4-1 -- 

THERMAL-HYDRAULIC CHARACTERISTICS OF THE FFTF 

Design Thermal Output, M W t  

Primary Sodium Flow Rate gpm 

Secondary Sodium Flow Rate gpm 

Number o f  Fuel Assemblies 

Number o f  Fuel Rods/Bundle 

Rod O.D., i n  

A c t i v e  Fuel Length, inches 

Rod P i t c h ,  inches 

Core Coolant I n l e t  Temperature O F  

Core Coolant O u t l e t  Temperature O F  

Vessel Coolant O u t l e t  Temperature O F  

Maximum Cladding Surface Temperature 

Maximum Coolant Temperature O F  

Maximum Core Pressure Drop p s i  

Flow Area Per Assembly i n  2 

2 Core Heat T rans fe r  Area f t  
KWx Avg. L inear  Heat Generation Rate - f t  

KW Maximum L inea r  Heat Generation Rate E 

- 
F i r s  t Cyc 1 e 

4.4.2 Thermal-Hydraul ic L i m i t s  

400 

14,500 

14,500 

73 

21 7 

.23 

36 

.286 

600 

900 

858 

1154 

1140 

140 

7.2562 

2861.5 

8.01 

14.4 

I n  o rde r  t o  assure t h a t  adequate c o o l i n g  i s  a v a i l a b l e  t o  remove f i s s i o n  and decay 
heat for a l l  design bases c o n d i t i o n s ,  sodium c o o l a n t  tempera tures  should be 

mainta ined below the  b o i l i n g  temperature. Once b o i l i n g  i s  i n i t i a t e d ,  r a p i d  vapor 

format ion i n  t h e  core channels-can lead  t o  h i g h l y  degraded heat  t r a n s f e r  and channel 

f l ow ,  which i n  t u r n  cou ld  l e a d - t o  c l a d  f a i l u r e .  

temperature l i m i t  o f  167OoF a t  t h e  i nne r . su r face  o f  t h e  f u e l  c ladd ing  f o r  " a t  

power" accidents. Th i s  l i m i t  corresponds t o  the  s a t u r a t i o n  temperature o f  sodium 

a t  t h e  t o p  o f  t he  f u e l  assemblies under s t a t i c  cond i t i ons .  " A t  power" events are 

those cha rac te r i zed  by f l o w  degradat ion p r i o r  t o  scram. For t h e  3- loop opera t i on  
l oss -o f - f l ow  acc idents  analyzed, p r e d i c t e d  c ladd ing  temperatures d i d  n o t  exceed 

t h i s  l i m i t .  .Since the  p r e d i c t e d  sodium s a t u r a t i o n  temperature a t  t h e  t ime  o f  t h e  

peak c ladd ing  temperature w i l l  be cons ide rab ly .h ighe r  (approx imate ly  100°F) than 

t h e  proposed 167OoF l i m i t  (due t o  t h e  increase i n  s a t u r a t i o n  temperature because 

t h e  pressure, f rom the  s ta t i ckhead  o f  sodium i s  augmented w i t h  t h e  pump pressure), 

coupled w i t h  i nhe ren t  conservatisms o f  t h e  a p p l i c a t i o n  o f  t h i s  l i m i t  ( i . e . ,  a p p l i e d  

t o  i n s i d e  r a t h e r  than ou ts ide  c ladd ing  surface), we have found t h i s  l i m i t  acceptable. 

The FFTF P r o j e c t  has proposed a 
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For events cha rac te r i zed  by the  simultaneous i n s e r t i o n  o f  t h e  c o n t r o l  rods and loss 
o f  power t o  t h e  pumps (loss o f  a l l  power), t he  FFTF P r o j e c t  has proposed a b u l k  

sodium temperature l i m i t  o f  1705"F, a p p l i e d  t o  t h e  h o t  channel coolant .  

Th i s  l i m i t  i s  based on t h e  sodium s a t u r a t i o n  temperature a t  t h e  top  o f  t h e  f u e l e d  

r e g i o n  o f  t he  core under the  s t a t i c  head o f  sodium i n  the  upper plenum and f i s s i o n  

gas plenum regions o f  t h e  core. 

f i s s i o n  gas plenum r e g i o n  due t o  t h e  decreased s a t u r a t i o n  temperature i n  t h i s  

reg ion.  

This  l i m i t  does n o t  prec lude sodium b o i l i n g  i n  t h e  

The FFTF P r o j e c t  presented analyses o f  sodium b o i l i n g  t o  evaluate t h e  consequences 

due t o  cond i t i ons  o f  low power and f l o w  which might  e x i s t  under c e r t a i n  hypo the t i ca l  

a c c i d e n i  s i t u a t i o n s  which were n o t  p a r t  o f  t h e  design bases. These analyses i n d i -  

cated t h a t  c ladd ing  temperatures would no t  exceed t h e  m e l t i n g  temperature and t h a t  

t he  decreased d e n s i t y  i n  the  b o i l i n g  channels would promote a d d i t i o n a l  f l o w  t o  

those channels, p r o v i d i n g  a s e l f - c o r r e c t i o n  c o o l i n g  mechanism. However, t he  analyses 

were based on i n l e t  and o u t l e t  c o n d i t i o n s  p r e d i c t e d  by IANUS c a l c u l a t i o n s ,  which 

d i d  n o t  account f o r  t h e  e f f e c t s  o f  sodium b o i l i n g  on t h e  system hyd rau l i cs .  
experimental data were presented i n  suppor t  o f  these analyses. 

No 

Based on the  above, we recommend t h a t  t h e  proposed sodium temperature l i m i t  o f  

1705°F be reduced t o  t h e  s a t u r a t i o n  temperature above t h e  f u e l  assembly o u t l e t s  

under stagnant cond i t i ons ,  which i s  1670°F. 

We would agree t o  the  use o f  t h e  1705OF l i m i t  once s u f f i c i e n t  experimental data o r  

adequate analyses a re  a v a i l a b l e  t o  demonstrate the  a c c e p t a b i l i t y  o f  sodium b o i l i n g  

i n  t h e  f i s s i o n  gas plenum and/or core r e g i o n  rega rd ing  i t s  e f f e c t s  on core f l o w  and 

core heat  t r a n s f e r .  

4.4.3 Flow D i s t r i b u t i o n  

The core f l o w  i s  d i v i d e d  among th ree  f l o w  paths,  o r  o r i f i c e  zones, each corres-  

ponding t o  d i f f e r e n t  power reg ions  o f  core assemblies. 

designed t o  minimize r a d i a l  core temperature g rad ien ts  so as t o  equa l i ze  the  maximum 

steady-state c ladd ing  temperature i n  each reg ion.  

and t h e  percentage o f  t o t a l  core f l o w  t o  each path. 

The f l o w  o r i f i c i n g  i s  

Table 4.4-2 l i s t s  the  f l ow-pa ths  

The P r o j e c t  repo r ted  t h e  r e s u l t s  o f  t e s t s  performed t o  con f i rm  o r i f i c e  zone f l o w  

ra tes .  

t h e  h y d r a u l i c  res i s tances  o f  t h e  f u e l  assemblies. 

d i s t r i b u t i o n s  agreed w e l l  w i t h  des ign code (FLODISC) p r e d i c t i o n s .  

a l s o  s t a t e d  t h a t  p r e t e s t  p r e d i c t i o n s  on t h e  FFTF core f l o w  d i s t r i b u t i o n s  w i l l  be 

performed and compared aga ins t  ac tua l  data. 

ment f o r  v e r i f i c a t i o n ,  we f i n d  t h e  f l o w  d i s t r i b u t i o n  design acceptable. 

These t e s t s  were performed i n  water w i t h  unheated f l o w  paths t h a t  modelled 

The P r o j e c t  has 

The r e s u l t s  showed t h a t  f l o w  

Based on t h e  above t e s t s  and commit- 
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TABLE 4.4-2 

REACTOR FLOW AND TEMPERATURE DISTRIBUTION 

F1 ow Nuclear Heating 
O u t l e t  T&mperaturea 

I n i t i a l  Rated 
( F) 

Nuclear Heat Rate F1 ow ( lo5  lb,,,/hr) Locat ion 
(See No. of 

Component F ig .  4.6-1) Assemblies Mw % ( % I  I n i t i a l  Rated 

Sa fe ty  Rods 3 -8 3 0.71 0.18 0.62 1.07 1.08 
Contro l  Rods, 50% Tn 3 -9 6 1.85 0.46 1.24 2.14 2.16 
Fuel Assernbl i es 3-10 73 + 3 380.65 95.16 82.29 142.20 143.84 
M a t e r i a l s  Tests 3-1 1 2 0.37 0.09 0.24 0.41 0.42 
F ixed Shims 3-1 2 3 0.68 0.17 0.41 0.71 0.72 
Inne r  R e f l e c t o r s  3-1 3 57 7.96 1.99 3.44 5.94 6.01 
Outer R e f l e c t o r s  2-14 48 2.90 0.72 0.95 1 .64 1 .66 
Inne r  S h i e l d i n g  2-1 5 2.46 0.62 1.18 2.04 2.06 
Outer S h i e l d i n g  2-16 1.50 0.38 1.37 2.37 2.40 

f Sodium and S t r u c t u r e  2-19 0.91 0.23 - - 
(d I V S  and Annulus' 5 -6 (0.50)e - 1.43 2.47 2.50 

5-18 6.29 10.88 11 .OO 

I 

b 
N 

- - - d Thermal L i n e r  

Gas Vent 1-6 -* 0.11 0.19 0.19 
- - 

Closed Loops - 4 (3.91)e - - - - 

- - - Leakage 0.44 0.75 0.76 

Reactor Vessel 1-19 199 400.0 100.0 100.0 172.8 * 174.8 

aAverage o u t l e t  temperatures based on 600°F i n l e t  temperature f o r  i n i t i a l  operat ion and 792°F f o r  r a t e d  opera t i on .  
b : 

'Approximately 500 kW produced i f  57 I V S  p o s i t i o n s  conta in  f u e l  assemblies. 

dActual temperature a t  over f low,  due to 'hea t  conduction, i s  892°F. 

:Not i nc luded  i n  400 MW t o t a l  power c a p a b i l i t y .  

A x i a l  and r a d i a l  neutron leakage from core b a r r e l .  

Flow inc ludes 1.56% of r e a c t o r  f l o w  Jt e j e c t o r  nozzle. 
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4.4.4 

4.4.5 

A t  low r e a c t o r  f l ows ,  s i g n i f i c a n t  r e d i s t r i b u t i o n  o f  f l o w  can occur due t o  the  

r a d i a l  dens i t y  r e d i s t r i b u t i o n  o f  t he  coolant .  

i n  F igu re  4.4-1 *or  var ious power- to- f low r a t i o s .  The FFTF P r o j e c t  contends t h a t  

under l o s s - o f - f l o w  t ype  o f  acc ident  cond i t i ons ,  r e d i s t r i b u t i o n  w i l l  t end  t o  increase 

f l o w  i n  t h e  h o t t e s t  coo lan t  channels and reduce f l o w  t o  t h e  coo le r  channels, r e s u l t i n g  

i n  a f l a t t e n i n g  o f  t h e  r a d i a l  temperature p r o f i l e .  The ana lys i s  code ( I A N U S )  used 

t o  p r e d i c t  acc idents  cha rac te r i zed  by undercool ing o f  t he  core u t i l i z e s  a r e d i s t r i -  

b u t i o n  model based on a conservat ive approximation o f  t he  s teady-state FLODISC 

p r e d i c t i o n s .  The FFTF P r o j e c t  a l s o  prov ided a comparison o f  r e d i s t r i b u t i o n  e f f e c t s  

on c ladd ing  temperature, p r e d i c t e d  by a dynamic ve rs ion  o f  t he  FLODISC code, t o  the  

r e d i s t r i b u t i o n  e f f e c t s  on c ladd ing  temperature p r e d i c t e d  by IANUS.  

showed that t h e  IANUS'calculat ion conserva t i ve l y  p r e d i c t e d  h o t  channel f l o w  compared 

t o  t h e  dynamic FLODISC p r e d i c t i o n s .  

IANUS code f o r  c a l c u l a t i n g  f l o w  r e d i s t r i b u t i o n  t o  be acceptable. 

Th is  r e d i s t r i b u t i o n  e f f e c t  i s  shown 

The comparison 

We have found the  approach descr ibed i n  the  

Thermal Power D i s t r i b u t i o n s  

I n  t he  Fast  F lux  Test F a c i l i t y ,  h i g h  heat t r a n s f e r  r a t e s  e x i s t  between the  coo lan t  

and the  c ladd ing  surface. Because o f  these h igh  heat  t r a n s f e r  r a t e s ,  t he  c ladd ing  

temperature i s  c l o s e l y  coupled t o  the  b u l k  sodium temperature. 

sodium temperatures occur a t  t be  a c t i v e  core o u t l e t ,  then peak c ladd ing  ternpera- 

t u r e s  a l s o  occur a t  t h i s  l o c a t i o n .  Because o f  t h i s ,  s teady-state peak c ladd ing  

temperatures a re  r e l a t i v e l y  independent o f  t h e  a x i a l  f l u x  shape. 

f o r  undercool ing t ype  o f  t r a n s i e n t s .  

Since t h e  peak 

This  i s  a l s o  t r u e  

Radia l  f l u x  peaking determines t h e  power i n  t h e  h o t  assembly and t h e r e f o r e  the  h o t  

channel coo lan t  enthalpy r i s e s .  The r a d i a l  peaking f a c t o r  f o r  t h e  i n n e r  peak zone 

o f  t he  core i s  1.365 f o r  t he  f i r s t  cyc le ,  w i t h  a maximum o f  1.411 o c c u r r i n g  i n  

c y c l e  5. 

Upper Plenum 

The upper plenum o f  t h e  vessel con ta ins  approximately 5000 cubic  f e e t  o f  sodium 

w i t h  a cover gas volume o f  approx imate ly  500 cubic  f e e t  t o  accommodate system 

i n v e n t o r y  changes due t o  d e n s i t y  changes, makeup, and over f low.  

cond i t i ons ,  t h e  sodium i n  t h i s  volume w i l l  be wel l -mixed and a t  a r e l a t i v e l y  un i fo rm 

temperature. Fo l l ow ing  a r e a c t o r  t r i p ,  however, t h e  core o u t l e t  temperature r a p i d l y  

decreases. 

t h i s  plenum reg ion ,  wherein c o l d  sodium e x i t i n g  t h e  core remains i n  t h e  lower 

reg ions o f  t h e  plenum and h o t  sodium remains i n  t h e  upper reg ions o f  t he  plenum. 

The P r o j e c t  prov ided an e v a l u a t i o n  o f  t h e i r  ana lys i s  model ( V A R R - I 1  computer code) 

based on t e s t s  performed i n  a 0.268 sca le  model o f  t h e  FFTF upper plenum. These 

t e s t s  were performed w i t h  water and s a l t  i n j e c t i o n  t o  model t he  sodium dens i t y  

change a t  t h e  core o u t l e t  f o l l o w i n g  scram. 

h y d r a u l i c  dimensionless numbers ( i . e . ,  E u l e r ' s  Number) t o  s imu la te  t h e  behavior  o r  

Under s teady-state 

Th is  can p o t e n t i a l l y  r e s u l t  i n  thermal s t r a t i f i c a t i o n  o f  t h e  sodium i n  

The approach used was the  modeling o f  
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sodium. 
significant thermal stratification in the upper plenum will not occur and the 
predicted transient plenum mixing behavior used for the structural design analysis 
is conservative. 

From the evaluations made on these tests,. the Project has stated that 

For the design of the upper plenum components, the Project has compared the thermal 
transients predicted by the VARR-I1 code to the transients used in the structural 
design of upper plenum components. 
Analysis Report as Figure 4.4-2. 

An example is reproduced from the Final Safety 

Based on our review of the comparisons made by the Project of the VARR-I1 code to 
the 0.268 scale mixing data, as well as the comparisons made of the thermal transi- 
ents predicted by the VARR-I1 code to the thermal transients used for the structural 
design, we have reasonable assurance that the plenum mixing models used for structural 
design of upper plenum components are conservative and therefore acceptable. 

While we believe that the comparisons made between the VARR-I1 code predictions and 
the 0.268 scale data help substantiate the validity of the V A R R - I 1  code to predict 
plenum mixing, verification of the VARR-I1 code should also be performed via com- 
parisons to the actual mixing behavior of the FFTF upper plenum. This is necessary 
in order for the staff to find the transient behavior of the plenum as predicted by 
the VARR-I1 code acceptable for use in thermal-hydraulic safety analyses. We 
recommend that comparisons demonstrating the ability of the VARR-I1 code to predict 
mixing in the FFTF upper plenum be submitted to the staff for approval after 
completion of the startup test program. 

4.4.6 Design Analysis Methods 

The FFTF Project has utilized a number of computer programs in both the 
steady-state and transient analysis of the design. 

We have not reviewed these codes in the detail consistent with a normal review for 
light water reactors. Brief reviews of the IANUS, FORE-11, and FLODISC (steady- 
state) codes were performed, based on available documentation and responses to 
staff questions. 
liquid phase (no boiling) for all normal and expected operating conditions, and 
because of the physical properties of liquid sodium (low heat capacity and high 
heat transfer coefficients compared to water as the coolant), many analysis areas 
of concern in light water reactor thermal-hydraulic design (e.g., critical heat 
flux) are not factors in the FFTF analysis. 
ficant parameters in the analysis and conservative values were assigned to them for 
the design analyses. 

Because of the design requirement that the coolant remain in the 

. 

The Project has identified the signi- 

Additional sensitivity studies on the effect of other parameters and/or assumptions 
were also performed at our request. 
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The s e n s i t i v i t y  s tud ies  were performed f o r  h o t  l e g  p i p i n g  rup tu res  which p rov ided  a 

severe undercool ing o f  t he  core. 

Process v a r i a b l e s  i n v e s t i g a t e d  inc lude:  

s to red  energy i n  the  f u e l  (gap conductance) 

a x i a l  and r a d i a l  n o d a l i z a t i o n  i n  t h e  fue l  

broken p i p e  reverse pressure drop 

power l e v e l  

p r o t e c t i o n  system response t ime 

decay power 

plenum mix ing  

f u e l  assembly duc t  e f f e c t i v e  mass. 

Add i t i ona l  c a l c u l a t i o n s  i n  non-piping rup tu re  t r a n s i e n t s  inc luded minimum decay 

heat and the  a p p l i c a t i o n  o f  h o t  channel f ac to rs , to  average channel dynamic c a l c u l a -  

t i o n s .  
p r e d i c t e d  c ladd ing  temperature would be expected i f  parameter values were v a r i e d  
w i t h i n  t h e i r  est imated u n c e r t a i n t y  band. 

The r e s u l t s  o f  t h i s  s tudy i n d i c a t e d  t h a t  no s i g n i f i c a n t  changes i n  t h e  

Since none of t he  the rma l -hyd rau l i c  s a f e t y  ana lys i s  codes have n o t  been v e r i f i e d  

under p ro to type  cond i t i ons ,  we cannot conclude a t  t h i s  t ime  t h a t  they a re  acceptable 

f o r  s a f e t y  analyses. While i t  i s  n o t  our  i n t e n t  t o  per form a d e t a i l e d  rev iew o f  

these codes, we recommend t h a t  they be v e r i f i e d  d u r i n g  t h e  s t a r t u p  t e s t i n g  phase of 

p l a n t  operat ion,  and any d iscrepancies between code p r e d i c t i o n s  and t e s t  data be 

resolved p r i o r  t o  f u l l  power operat ion.  

The P r o j e c t  prov ided p r e l i m i n a r y  p lans  f o r  code v e r i f i c a t i o n  d u r i n g  bo th  s t a r t u p  

t e s t i n g  and d u r i n g  power operat ion.  

o f  t he  IANUS and FLODISC codes h y d r a u l i c  response, e t c . ,  i n  t he  areas o f  pressure 

drop, power generat ion,  and f l o w  d i s t r i b u t i o n .  

taken; however, we b e l i e v e  t h a t  l o c a l  sodium temperature measurements i n  t h e  a c t i v e  

core r e g i o n  should be attempted by use o f  t h e  t e s t  assemblies i n  order  t o  a l l o w  

b e t t e r  i n t e r p r e t a t i o n  o f  temperature measurements a t  t h e  core e x i t  measurement 

s t a t i o n .  

These p lans  p rov ide  p r i m a r i l y  f o r  v e r i f i c a t i o n  

I n  general,  we concur i n  the  approach 

Because we have n o t  reviewed, nor has v e r i f i c a t i o n  been prov ided f o r ,  t h e  s a f e t y  

ana lys i s  code used i n  support o f  the F i n a l  Safety  Analys is  Report analyses, we 

request  t h a t  p r e t e s t  p r e d i c t i o n s  be performed w i t h  a l l  o f  t h e  major ana lys i s  codes. 

For those codes which a re  core models on ly ,  i n l e t  and o u t l e t  cond i t i ons  should be 

obta ined from t h e  system code IANUS p r e d i c t i o n s .  

t h e  r e s u l t s  of these p r e t e s t  p r e d i c t i o n s  be made a v a i l a b l e  f o r  s t a f f  rev iew p r i o r  

t o  t h e  performance o f  t h e  t e s t .  

We recommend t h a t  a r e p o r t  documenting 
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4.4.7 Thermal-Hydraul ic Uncer ta in t y  Ana1y:jis 

U n c e r t a i n t i e s  i n  t h e  the rma l -hyd rau l i c  performance o f  t he  core a re  accounted f o r  i n  

t h e  h o t  channel f a c t o r s  app l i ed  t o  the  design. A t a b l e . o f  t h e  h o t  channel f a c t o r s  

used i n  t h e  thermal-hydraul ic  design a re  g iven i n  Table 4.4-3. 

We have reviewed these f a c t o r s  aga ins t  a v a i l a b l e  experimental i n fo rma t ion .  I n  many 

cases, i n s u f f i c i e n t  data were a v a i l a b l e  t o  con f i rm  the  u n c e r t a i n t y  f a c t o r s  repor ted.  

For those f a c t o r s  where i n s u f f i c i e n t  data were a v a i l a b l e  f o r  a s t a t i s t i c a l  repre-  

s e n t a t i o n  o f  t h e  unce r ta in t y ,  t h e  P r o j e c t  has chosen an u n c e r t a i n t y  f a c t o r  cons i s ten t  

w i t h  a v a i l a b l e  data. The h o t  channel f a c t o r s  a re  d i v i d e d  i n t o  d i r e c t  and s t a t i s t i c a l  

f a c t o r s .  The method o f  combining t h e  s t a t i s t i c a l  f a c t o r s  i s  cons i s ten t  w i t h  l i g h t  

water r e a c t o r  p r a c t i c e .  

u n c e r t a i n t y  as a s t a t i s t i c a l  f a c t o r  and have recommended i t s  t reatment  as a d i r e c t  

f a c t o r ,  c o n s i s t e n t  w i t h  l i g h t  water r e a c t o r  p r a c t i c e .  

P r o j e c t  o f  t he  power l e v e l  u n c e r t a i n t y  a re  considerably  lower, and t reatment  o f  t h e  

r e v i s e d  power l e v e l  u n c e r t a i n t y  as a d i r e c t  f a c t o r  r e s u l t s  i n  approx imate ly  the  

same value o f  o v e r a l l  h o t  channel f a c t o r s  o r i g i n a l l y  proposed. 

We have taken except ion t o  t h e  t reatment  o f  power l e v e l  

Revised est imates by the  

The FFTF P r o j e c t  s t a t e d  t h a t  s ince the  thermal h y d r a u l i c  design was based on the  

h o t  channel f a c t o r s  o r i g i n a l l y  submi t ted i n  the  F i n a l  Safety  Analys is  Report, any 

changes t o  them i n  t h i s  stage o f  t he  design would r e q u i r e  extens ive reanalyses o f  

t he  design i n  order  t o  assure consis tency w i t h  the  new values. 

values coupled w i th  power l e v e l  u n c e r t a i n t y  t r e a t e d  as a d i r e c t  f a c t o r  r e s u l t e d  i n  

n e g l i g i b l e  changes t o  the  p r e d i c t e d  thermal-hydraul ic  performance, the  P r o j e c t  

chose n o t  t o  r e v i s e  t h e  o r i g i n a l  h o t  channel f a c t o r s  a t  t h i s  t ime. 

Because the  rev i sed  

We have reviewed t h e  h o t  channel f a c t o r s  and t h e i r  method o f  a p p l i c a t i o n  i n  t h e  

s a f e t y  analyses, and f i n d  them acceptable. 

4.4.8 Hydrau l i c  Stabi  1 i ty 

The FFTF P r o j e c t  has s t a t e d  t h a t  no h y d r a u l i c  i n s t a b i l i t i e s  a re  expected i n  t h e  

FFTF core s ince  two-phase f l o w  i s  n o t  p e r m i t t e d  d u r i n g  any modes o f  operat ion,  and 

t h e r e f o r e  d i d  n o t  propose any c r i t e r i a  f o r  h y d r a u l i c  s t a b i l i t y .  

'I I " _  

Based on s t a f f  experience w i t h  l i g h t  water  r e a c t o r  h y d r a u l i c  ,behavior, we agree 

t h a t  under cond i t i ons  o f  p resc r ibed  power ope ra t i on  w i t h  s i n g l e  phase f low,  h y d r a u l i c  

i n s t a b i l i t i e s  would n o t  be p r e d i c t e d  t o  occur i n  t h e  core. The P r o j e c t  has performed 

steady-state f l o w  d i s t r i b u t i o n  analyses, which a re  shown i n  F igu re  4.4-1. 

n o t  p r e d i c t  any changes i n  t h e  pe rcen t  o f  vessel f l o w  e n t e r i n g  t h e  core u n t i l  

vessel f l o w  r a t e s  a r e  decreased below about 40 percent .  Since t e c h n i c a l  s p e c i f i c a t i o n s  

prec lude opera t i on  w i t h  f l o w  below 60 percent  o f  f u l l  f l ow ,  no i n s t a b i l i t i e s  are 

expected d u r i n g  power operat ion.  

They do 
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TABLE 4.4-3 

HOT CHANNEL FACTORS'AT INITIAL OPERATING CONDITIONS 

-. 

DIRECT 

1. I n l e t  Flow M a l d i s t r i b u t i o n  

2. Intrasubassembly Flow 
M a l d i s t r i b u t i o n  

3. In terchannel  Coolant M ix ing  

4. Power Contro l  Band 
b 

5. Wire Wrap Peaking b, 
D i r e c t  Combination . 

STATISTICAL 

1. F i s s i l e  Fuel M a l d i s t r i b u t i o n  

2. Power Level Measurements' 

3. Nuclear Power D i s t r i b u t i o n  

4. Rod Diameter, P i t c h ,  and BOW 

5. F i l m  C o e f f i c i e n t  

6. Gap C o e f f i c i e n t  

7. Fuel Conduc t i v i t y  

8. Cladding Conduc t i v i t y  
and Thickness 

S t a t i s t i c a l  Combination o f  
I tems 1-8 

Products o f  D i r e c t  and 
S t a t i s t i c a l  Combination 

Coolant 
1 -- 

1.050 

1.140 

1. OOOa 

1.020 

1.221 

1.035 

1.071 

1.060 

1.011 

1.100 

1.343 

F i l m  C1 addi ng 
2 3 _- 

1.012 

i. 035 

1.020 1.020 

2.000(1.214) 
2.137( 1.297) 1 .020 

1.035 1.035 

1.071 1.071 

1.065 1.065 

Gap Fuel 
4 5 - 

1.020. 1.020 

1.020 1.020 

1.035 1.035 

1.071 1.071 

1.065 1.065 

1.140 

1.470 

1.100 

1.120 

1.173 1.158 

2.507(1.521) 1.181 

1.481 1.143 

1.511 1.166 

% o r s t  cond i t i on .  

bNumbers i n  pa ren thes i s  should be used o n l y  f o r  c a l c u l a t i n g  f u e l  temperatures, o the r  f o r  
f u e l  c ladd ing  and coo lan t  temperatures. 

'Value i s  1.087 a t  r a t e d  operat ion.  

Table 4.6-5 o f  FFTF FSAR. 



The P r o j e c t  has argued t h a t  any pert.urbations a t  low f l o w  which tend t o  decrease 

f l o w  t o  the  h o t  assembly w i l l  be s e l f - c o r r e c t i n g  because any decrease i n  coo lan t  

dens i t y  due t o  coo lan t  heatup w i l l  decrease the  g r a v i t a t i o n a l  pressure drop i n  t h a t  

assembly and promote a d d i t i o n a l  f l o w  t o  t h a t  assembly. 

Dur ing cond i t i ons  o f  low f l ow ,  r e d i s t r i b u t i o n  o f  t h e  f l o w  becomes s i g n i f i c a n t ,  

p a r t i c u l a r l y  d u r i n g  cond i t i ons  o f  n a t u r a l  c i r c u l a t i o n .  Because the  most severe 

power- to- f low mismatch occurs f o r  t h i s  event, t he  P r o j e c t  i n v e s t i g a t e d  t h e  p o t e n t i a l  

f o r  f l o w  i n s t a b i l i t y  f o r  t h i s  case, u t i l i z i n g  a m u l t i p l e  channel dynamic repre-  

s e n t a t i o n  o f  t he  core. 

t i e s .  

recommend t h a t  these t e s t s  be used t o  v e r i f y  t h e  ana lys i s  methods used. 

These analyses d i d  n o t  r e s u l t  i n  any p r e d i c t e d  f l o w  i n s t a b i l i -  

The s t a r t u p  program f o r  t he  FFTF inc ludes  n a t u r a l  c i r c u l a t i o n  t e s t i n g .  We 

Based on t h e  P r o j e c t ’ s  commitment t o  v e r i f y  t he  dynamic h y d r a u l i c  behavior  o f  t h e  

core f l ow ,  we f i n d  t h e  h y d r a u l i c  s t a b i l i t y  analyses acceptable. 

4.4.9 Loose Par t s  Mon i to r i ng  System 

Sect ion 4.4 o f  t h e  Standard Review Plan f o r  l i g h t  water reac to rs  requ i res  t h e  

rev iew o f  t h e  loose p a r t s  mor l i tor ing system proposed by t h e  app l i can t .  

p r e s e n t l y  does n o t  have an i n s t a l l e d  loose p a r t s  mon i to r i ng  system. 

has s t a t e d  t h e  reasons f o r  t h i s  are due t o  t h e  advanced stage o f  c o n s t r u c t i o n  and 

the  c o s t  and schedule p e n a l t i e s  t h a t  would be imposed i n  order  t o  i n s t a l l  such a 

system. 

o f  s t a t e - o f - t h e - a r t  systems t o  sodium cooled r e a c t o r  design. 

d i f f i c u l t i e s  due t o  t h e  h i g h  temperature and h igh  neutron f l uence  environmental 

cond i t i ons ,  as w e l l  as i n s t a l l a t i o n  d i f f i c u l t i e s  on i n s t a l l e d  components. 

The FFTF 

The P r o j e c t  

I n  a d d i t i o n ,  t he  P r o j e c t  discussed d i f f i c u l t i e s  w i t h  regard t o  a p p l i c a t i o n  

These inc luded  

The P r o j e c t  has s t a t e d  t h a t  they are p a r t i c i p a t i n g  i n  a no ise s u r v e i l l a n c e  program 

a t  Argonne Nat ional  Laboratory. 

t h e  FFTF P r o j e c t  i n  t h i s  program be r e g u l a r l y  assessed w i t h  an o b j e c t i v e  o f  

e v a l u a t i n g  loose p a r t s ‘ d e t e c t i o n  c a p a b i l i t y  and w i t h  a d d i t i o n a l  cons ide ra t i on  o f  

t h e  i n s t a l l a t i o n  o f  an acous t i ca l  system f o r  loose pa r t s ’de tec t i on .  

s t a f f ’ s  p o s i t i o n  t h a t  loose p a r t s  mon i to r i ng  systems wil-1 be requ i red  on f u t u r e  

commercial l i q u i d  metal f a s t  breeder reac to rs  and t h a t  t h e  FFTF should be u t i l i z e d  

t o  t h e  maximum e x t e n t  poss ib le  t o  demonstrate t h e  feasibility,’operability and 

m a i n t a i n a b i l i t y  o f  such systems. 

We recommend t h a t  t h e  cont inued p a r t i c i p a t i o n  by 

I t - i s  t h e  

I _ .  ~ 3 .  

4.4.10 Eva lua t i on  and F ind ings 

Based on our  review, we conclude t h a t  t h e  thermal-hydraul ic  design o f  t h e  FFTF core 

i s  acceptable f o r  ope ra t i on  up t o  100 pe rcen t  o f  r a t e d  power w i t h  the  c o n d i t i o n  

t h a t  t h e  thermal-hydraul ic  analyses a re  confirmed a t  each approp r ia te  s tep o f  t h e  

power e s c a l a t i o n  by t h e  f o l l o w i n g :  
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(1) V e r i f i c a t i o n  o f  IANUS code p r e d i c t i o n s  f o r  n a t u r a l  c i r c u l a t i o n  and o the r  

(e.g., r e a c t o r  t r i p )  t r a n s i e n t  behavior. 

(2 )  V e r i f i c a t i o n  o f  t h e  FLODISC code f o r  dynamic r e d i s t r i b u t i o n  o f  core f low.  

(3)  V e r i f i c a t i o n  o f  t h e  V A R R - I 1  code f o r  dynamic thermal-hydraul ic  behavior  o f  

coo lan t  i n  the  upper plenum. 

To support t he , the rma l -hyd rau l i c  design v e r i f i c a t i o n ,  we recommend t h a t  r e p o r t s  

documenting t h e . p r e t e s t  p r e d i c t i o n s  made f o r  s t a r t u p  t e s t s  be submitted f o r  

rev iew p r i o r  t o  t h e  s t a r t u p  t e s t i n g  arid t h a t  r e s u l t s  o f  t h e  thermal-hydraul 

program be submitted upon completion o f  s t a r t u p  t e s t i n g .  

4.5 Mechanical Design 

4.5.1 Contro l  Rod System S t r u c t u r a l  M a t e r i a l s  

The c o n t r o l  rod  system cons is t s  o f  t h ree  major components. They are t h e  co 

s t a f f  

c t e s t  

t r o l  
r o d  d r i v e  mechanism, c o n t r o l  r o d  d isconnect  d r i v e l i n e ,  and t h e  c o n t r o l  rod  absorber 

assembly. 

c o n t r o l s  usedxin l i g h t  water reac to rs  w i t h  app rop r ia te  changes based on c u r r e n t  

technology associated w i t h  t h e  environmental and se rv i ce  requirements o f  t h e  l i q u i d  

metal cooled f a s t  r e a c t o r .  

The des ign o f  t h e  c o n t r o l  r o d  system i s  an extens ion o f  t he  r e a c t i v i t y  

Eighteen pene t ra t i ons  a re  prov ided i n  t h e  r e a c t o r  head and inst rument  t r e e  f o r  t h e  

c o n t r o l  r o d  system. R e a c t i v i t y  c o n t r o l  i s  p rov ided  by two groups o f  moveable 

f u l l - l e n g t h  absorber rods, operated by i n d i v i d u a l  c o n t r o l  r o d  d r i v e  mechanisms o f  

t h e  r o l l e r  n u t  type design. I n  a d d i t i o n ,  t h e  core r e a c t i v i t y  i s  ad justed w i t h i n  a 

g iven range by r e p o s i t i o n i n g  f i x e d  shim assemblies d u r i n g  t h e  r e f u e l i n g  operat ion.  

The moveable c o n t r o l  rods are d i v i d e d  i n t o  pr imary and secondary systems. 

th ree  rods i n  t h e  pr imary system a re  l oca ted  i n  t h e  t h i r d  row o f  t h e  core,  and a re  

withdrawn p r i o r  t o  r e a c t o r  c r i t i c a l i t y .  

i n  t h e  f i f t h  row p rov ide  opera t i ona l  r e a c t i v i t y .  The a d d i t i o n a l  n i n e  core p o s i t i o n s  

l oca ted  i n  t h e  seventh row o f  t h e  core a re  prov ided w i t h  gu ide tubes and head 

pene t ra t i ons  f o r  p o s s i b l e  use as moveable c o n t r o l  rods a t  a f u t u r e  t ime.  

The 

The secondary system o f  s i x  rods l oca ted  

4.5.1.1 Contro l  Rod D r i v e  Mechanism and D r i v e  L i n e  

The c o n t r o l  rod  d r i v e  mechanism i s  an electro-mechanical a c t u a t i n g  dev ice t h a t  

moves and p o s i t i o n s  t h e  p r imary  and secondary system c o n t r o l  r o d  absorber w i t h i n  

the  core. It i s  i n s t a l l e d  i n  a r e a c t o r  head nozz le and i s  separated from t h e  

sodium environment by a be l lows,  sealed t o  t h e  suppor t  housing and leadscrew, which 

i n t e r f a c e s  w i t h  the  c o n t r o l  r o d  d isconnect  d r i v e l i n e .  

cover gas from l e a k i n g  out .  The c o n t r o l  r o d  d r i v e  mechanism i s  designed and f a b r i c a t e d  

t o  conform t o  the  requirements o f  Sect ion I11 o f  t he  ASME B o i l e r  and Pressure 

Vessel Code, 1968 E d i t i o n ,  supplemented by approp r ia te  Reactor Development Technology 

This  be l lows prevents  r e a c t o r  

n w 
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and Hanford Works 

se rv i ce  i n  a l i q u  

Standards f o r  weld ing m a t e r i a l s  and processes and m a t e r i a l s  f o r  

d sodium environment. 

The m a t e r i a l s  s p e c i f i e d  f o r  t h e  c o n t r o l  r o d  d r i v e  mechanism were se lec ted  on the  

bas i s  o f  l i g h t  water r e a c t o r  experience. Development t e s t s  were performed t o  

v e r i f y  c r i t i c a l  wear and f r i c t i o n  a p p l i c a t i o n s ,  such as bear ings,  guide bushings, 

and t h e  torque r e s t r a i n t  device. 

718, Types 304, 410 and 440C s t a i n l e s s  s t e e l ,  and Haynes A l l o y  No. 25. 

l i f e  i s  20 years w i t h  an opera t i ona l  c a p a b i l i t y  o f  20,000 f e e t  o f  leadscrew t r a v e l ,  

1500 f u l l - l e n g t h  scrams, and 30,000 s t a r t - s t o p  cyc les.  

t e s t s  were s imulated w i t h  h o t  sodium and conducted t o  con f i rm  t h e  c a p a b i l i t y  o f  t he  

design t o  meet t h e  performance o b j e c t i v e .  

o f  t h e  s t a t o r  wind ing and i n s u l a t i o n  m a t e r i a l  were exposed t o  i r r a d i a t i o n  equ iva len t  

t o  10 rads w i t h  no d e l e t e r i o u s  e f f e c t s .  

The m a t e r i a l s  s p e c i f i e d  i nc lude  17-4 PH, Inconel  

The design 

Funct ional  performance 

I n  a d d i t i o n ,  t e s t  specimens rep resen ta t i ve  

6 

The c o n t r o l  r o d  disconnect d r i v e l i n e  prov ides a mechanical l i nkage  between the  

d r i v e  mechanism and t h e  absorber assembly. 

p e r m i t  uncoupling o f  t h e  d r i v e  mechanism and absorber assembly p r i o r  t o  the  r e f u e l i n g  

opera t i on  and recoup l i ng  t h e  components f o r  resumption o f  r e a c t o r  operat ions.  

dashpot i s  prov ided t o  decelerate t h e  system components d u r i n g  r e a c t o r  scram. 

c o n t r o l  r o d  system i s  supported and p o s i t i o n e d  r e l a t i v e  t o  t h e  core by t h e  inst rument  

t r e e  guide tubes. 

t r e e  guide tube a f t e r  t h e  inst rument  t r e e  i s  i n s t a l l e d  i n  the  r e a c t o r  vessel. 

The d r i v e l i n e  has two disconnects which 

A 

The 

The c o n t r o l  r o d  disconnect d r i v e l i n e  i s  i n s t a l l e d  i n  t h e  inst rument  

The c o n t r o l  r o d  disconnect d r i v e l i n e  i s  p r i m a r i l y  an Inconel  718 weldment designed 

t o  operate a t  temperatures between 400° and l l O O ° F  t o  a f luence o f  5 x l o z o  n/cm2 

d u r i n g  a l i f e  o f  10 years. 

s t r e n g t h  and res i s tance  t o  bo th  i r r a d i a t i o n  embr i t t lement  and c o r r o s i o n  i n  l i q u i d  

sodium. A u x i l i a r y  devices, such as l o c k i n g  nuts ,  a re  f a b r i c a t e d  from Type 304 
s t a i n l e s s  s t e e l .  

Inconel  718 was se lec ted  because o f  i t s  r e l a t i v e l y  h igh  

4.5.1.2 Contro l  Rod Absorber Assembly 

The c o n t r o l  r o d  absorber assembly prov ides neutron absorber m a t e r i a l  t o  c o n t r o l  and 

te rm ina te  t h e  nuc lear  r e a c t i o n  i n  t h e  core. It guides and c o n t r o l s  t h e  f l o w  o f  t he  

sodium coo lan t  and prov ides s h i e l d i n g  t o  t h e  core suppor t  s t r u c t u r e .  B a s i c a l l y ,  i t  

i s  a hexagonal duc t  componenf, 12 f e e t  long,  c o n t a i n i n g  61 boron carb ide p i n s  i n  an 

i n n e r  duc t  compar.tment. 

The c o n t r o l  r o d  absorber assembly i n t e r f a c e s  w i t h  t h e  core basket w i t h i n  t h e  core 

suppor t  s t r u c t u r e ,  t h e  c o n t r o l  r o d  d r i v e  mechanism d u r i n g  r e a c t o r  operat ion,  and 

t h e  in-vessel  hand l i ng  machine d u r i n g  t h e  r e f u e l i n g  phase. 

A spec ia l  f e a t u r e  o f  t h e  s h a f t  design i s  a breakaway j o i n t .  Th i s  pe rm i t s  separa- 

t i o n  o f  t h e  c o n t r o l  r o d  d r i v e  and t h e  assembly i n  t h e  event a p i n  bundle i s  s tuck  
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in a partially withdrawn position or in the event the shaft fails to decouple from 
the assembly. 

Cold worked Type 316 stainless steel is specified for the primary structural material 
in the control rod absorber assembly, including the cladding material for the boron 
carbide. 
are specified for wear pads and load pad surfaces to minimize galling. 

Inconel 718 is specified for springs. Inconel 718 and chromium carbide 

The assembly is designed to operate at peak clad temperatures of 124OoF to a maximum 
fluence of 1.5 x 
Degradation processes which are considered to limit lifetime are thermal and fluence 
induced bowing of the stainless steel, and cladding strain resulting from gas 
release and swelling of the boron carbide. 

n/cm2 which is expected to produce < 1 percent clad strain. 

4.5.1.3 Control Rod System Materials Evaluation 

' 
The mechanical properties of materials selected for the control rod system components 
exposed to the reactor coolant satisfy the requirements of Section I11 of the ASME 
Boiler and Pressure Vessel Code. Scram dynamics tests and environmental life tests 
have been successfully performed in liquid sodium with the control rod drive system. 

The controls imposed upon the austenitic stainless steel of the systems conform to 
the recommendations of Regulatory Guide 1.31, "Control of Stainless Steel Welding," 
and Regulatory Guide 1.44, "Control of the "Use of Sensitized Stainless Steel." 
Fabrication and heat treatment practices performed in accordance with these recom- 
mendations provide assurance of structural compatibility with the sodium coolant 
during the design life of the component. The compatibility of the materials used 
in the control rod system in contact with the reactor coolant satisfies the criteria 
of Articles NB-2160 and NB-3120 of Section I11 of the Code. 
precipitation-hardening stainless steels have been given tempering or aging treat- 
ments in accordance with the requirements of ANSI Standard N45.2.1-1973, "Cleaning 
of Fluid Systems and Associated Components During the Construction Phase of Nuclear 
Power Plants ," and Regulatory Guide 1.37, "Quality Assurance Requirements for 
Cleaning of Fluid Systems and Associated Components of Water-cooled Nuclear Power 
Plants." 

Both martensitic and 

Conformance with the Codes, Standards, and Regulatory Guides indicated above, and 
the minimum tempering or aging temperature of martensitic and precipitation-hardening 
stainless steel constitutes an acceptable basis for meeting in part the requirements 
of General Design Criterion 26, "Reactivity Control System Redundancy and Capability." 

4.5.2' Reactor Internal s 

The reactor internal components, exclusive of the core, reflector and control 
assemblies, are the core support structure, radial shi'eld, instrument trees, and 

n 
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t h e  in-vessel  hand l i ng  machines. Po r t i ons  o f  t he  i n t e r n a l  components a re  designed 

t o  be removable f o r  i nspec t i on  and p o s s i b l e  replacement i n  t h e  event d e t e r i o r a t i o n  

o f  i n t e g r i t y  may occur as a r e s u l t  o f  r e a c t o r  serv ice.  

For ope ra t i on  below 8000F, the  r e a c t o r  i n t e r n a l  components were cons t ruc ted  i n  

compliance t o  Sect ion I11 o f  t h e  ASME B o i l e r  and Pressure Vessel Code. 

t i o n  above 8OO0F, the  components were cons t ruc ted  i n  compliance t o  ASME Code Case 

1331 and ARD-FRA-152. 

t o  v e r i f y  t he  component design. 

t he  i n t e g r i t y  o f  t h e  components, which i nc lude  s imulated t e s t s  t o  v e r i f y  thermal- 

hyd rau l i cs ,  mechanical response and m a t e r i a l s  i n t e g r i t y  o f  var ious subcomponents. 

Fu r the r  system v e r i f i c a t i o n  t e s t s  a re  planned as p a r t  o f  t he  o v e r a l l  acceptance 

t e s t  program d u r i n g  s t a r t u p  o f  t h e  f a c i l i t y .  

I 

For opera- 

Extens ive development programs were conducted by t h e  P r o j e c t  

Design v e r i f i c a t i o n  t e s t s  were performed t o  v e r i f y  

4.5.2.1 Core Support S t r u c t u r e  

The core suppor t  s t r u c t u r e  l oca tes  the  core components w i t h i n  t h e  r e a c t o r  vessel, 

and cons is t s  o f  t h e  lower s t r u c t u r e  and suppor t  s k i r t ,  core b a r r e l ,  h o r i z o n t a l  

thermal b a f f l e  and in-vessel  s torage module. The lower  s t r u c t u r e  i s  welded t o  the  

r e a c t o r  vessel. The core basket i s  c e n t r a l l y  l oca ted  w i t h i n  t h e  suppor t  s t r u c t u r e  

and prov ides l a t e r a l  support f o r  t h e  r a d i a l  sh ie ld ,  t h e  core r e s t r a i n t  mechanism, 

and t h e  inst rument  t rees .  The in-vessel  s torage module i s  l oca ted  i n  t h e  annular  

space between t h e  core b a r r e l  and t h e  thermal l i n e r .  

designed f o r  a 20-year l i f e .  

The core suppor t  s t r u c t u r e  i s  

The core support s t r u c t u r e  i s  const ructed o f  Type 304 s t a i n l e s s  s t e e l  p l a t e  and 

f o r g i n g s  and welded w i t h  Type 308 f i l l e r  metal.  The weld ing processes employed 

were t h e  sh ie lded  metal a r c  and s i n g l e - w i r e  automatic submerged a r c  processes. 

Major emphasis was p laced on process c o n t r o l  i n  order  t o  avo id  d i s t o r t i o n  o f  t h e  
weldment. This involved controlling the rate and sequencing o f  metal deposition in 

orde r  t o  balance shrinkage. forces,.and,thermal e f f e c t s .  The d e l t a  f e r r i t e  con ten t  

o f  t h e  welds was mainta ined between 4 and 9 percent  which i s  w e l l  w i t h i n  acceptable 

l i m i t s .  

The weld sub jec t  t o  the  h ighes t  thermal s t r e s s  j o i n s  t h e  t o p  p l a t e  t o  t h e  f o r g i n g  

a t  t h e  t o p  o f  t h e  I i n n e r  b a r r e l  i n  the. r e a c t o r  vessel and i s  est imated t o  rece ibe  a 

f luence o f  4.7-x;1D2~-nlcm? a t  approx imate ly  800OF. Bhe maximum t e n s i l e  s t r e s s  o f  

5 k s i  i s  est imated t o  occuk . i n  t h i s  weld d u r i n g  a normal scram t r a n s i e n t .  

mechanics concepts were.employed t o  c h a r a c t e r i z e  t h e  e n d - o f - l i f e ' - p o t e n t i a l  o f  t h i s  

weld. 

assumed e n d - o f - l i f e  f r a c t u r e  toughness (KIc> o f  85 k s i  i n o m 5  i n d i c a t i n g  ample 

margin aga ins t  b r i t t l e  f r a c t u r e .  

I 

F rac tu re  

The c a l c u l a t e d  s t r e s s  i n t e n s i t y  f a c t o r  was 3.9 k s i  i n o a 5  compared t o  an 
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4.5.2.2 Radial S h i e l d  

The r a d i a l  s h i e l d  prov ides neutron s h i e l d i n g  t o  t h e  core support s t r u c t u r e s ,  t h e  

r a d i a l  r e s t r a i n t  and t h e  r e a c t o r  vessel. It i s  const ructed o f  laminated Type 304 

s t a i n l e s s  s t e e l  p l a t e s ,  v e r t i c a l l y  arranged w i t h  associated holddown and l o c k i n g  

devices t o  form s i x  i n n e r  and s i x  o u t e r  s h i e l d  b locks.  The r a d i a l  s h i e l d  i s  23.6 

inches t h i c k  and extends 44 inches below and 70 inches above t h e  core midplane. 

The i n n e r  s h i e l d  b locks a re  removable through t h e  in-vessel  handl ing machine p o r t .  

They rece ive  a f luence o f  1 x The ou te r  s h i e l d  

b locks a re  n o t  removable and a re  designed t o  have a 20-year l i f e .  

' 

n/cm2 d u r i n g  a 10-year l i f e .  

The s h i e l d  i s  cooled by a f l o w  o f  sodium coo lan t  between the  Type 304 p l a t e s ,  which 

a re  separated by spacers. 

ou te r  row o f  r e f l e c t o r s  t o  accommodate core dimensional changes caused by i r r a d i a -  

t i o n  and thermal e f f e c t s ,  as w e l l  as t o  p e r m i t  unclamping o r  loosening o f  t h e  core 

i n  t h e  event o f  a r e f u e l i n g  problem. 

Clearance i s  prov ided between the  i n n e r  s h i e l d  and t h e  

Se l f -we ld ing  and g a l l i n g  a r e  prevented a t  t h e  i n t e r f a c e  metal surfaces between the  
r a d i a l  s h i e l d  b locks and t h e  core suppor t  s t r u c t u r e ,  core b a r r e l  and r a d i a l  r e f l e c -  

t o r s  by us ing  wear pads o f  age-hardening Inconel  718. 

holddown devices a re  chromium p l a t e d  t o  prevent  s e l f - w e l d i n g  t o  t h e  core suppor t  

s t r u c t u r e  l o c k i n g  r i ngs .  

Contact surfaces o f  t he  

T h e ~ d e s i g n  approach t o  t h e  r a d i a l  s h i e l d  i s  t o  p rov ide  a mechanical assembly which 

minimizes thermal and se ismic s t resses,  e s p e c i a l l y  i n  t h e  core r e g i o n  most a f f e c t e d  

by t h e  thermal environment. The h i g h  f l uence  areas operate a t  a metal temperature 

o f  about 95OoF. The r a d i a l  b locks a re  designed t o  have an e n d - o f - l i f e  d u c t i l i t y  

between 5 and 10 percent .  However, t he  f l uence  damage es t ima t ion  i n  severa l  areas 

y i e l d s  minimum e n d - o f - l i f e  d u c t i l i t i e s  o f  5 0.5 pe rcen t  and reduc t i on  o f  areas o f  

10 percent .  The r e l a t i v e  l a r g e  r e d u c t i o n  i n  area i n d i c a t e s  t h a t  t h e  m a t e r i a l  i s  
s t i l l  d u c t i l e  and w i l l  have t h e  a b i l i t y  t o  absorb s i g n i f i c a n t  l o c a l  s t r a i n i n g  o r  

p l a s t i c  deformat ion w i t h o u t  f a i l u r e .  

4.5.2.3 Inst rument  Trees 

The r e a c t o r  t ransverse s e c t i o n  i s  d i v i d e d  i n t o  th ree  sectors .  Each sec to r  i s  

se rv i ced  by an inst rument  t ree .  

o f  p r o v i d i n g  suppor t  and l o c a t i o n  f o r  t h e  i ns t rumen ta t i on  and c o n t r o l  r o d  d r i v e  

s h a f t  assemblies, and ac ts  as a secondary holddown f o r  t h e  core assemblies. 

The inst rument  t r e e  performs t h e  m u l t i p l e  func t i ons  

The maximum thermal t r a n s i e n t  s t r e s s  on t h e  inst rument  t r e e s  r e s u l t s  from e i t h e r  a 

c o n t r o l  r o d  drop o r  a pump se izu re  fo l l owed  by a normal scram. The inst rument  

t r e e s  a re  designed t o  s u s t a i n  t h e  r e s u l t i n g  t r a n s i e n t  s t resses w i t h o u t  s t r u c t u r a l  

damage. The design l i f e  i s  10 years a t  a maximum opera t i ng  temperature o f  1110OF. 
The f l uence  l i m i t  i s  s p e c i f i e d  so t h a t  t h e  minimum e n d - o f - l i f e  r e s i d u a l  d u c t i l i t y  

i s  . l o  pe rcen t  e longat ion.  
t 
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The principal material of construction is Type 304 stainless steel. Haynes Alloy 
No. 273 is specified for hardsurfacing to prevent self-welding and galling of 
contacting surfaces. Incone! 718 is specified for the lower bearing sleeve. The 
cobalt content of the two alloys is held to 1.0 and 0.05 percent, respectively, to 
minimize activation of mass transfer products. 

4.5.2.4 In-Vessel Handling Machine 

The in-vessel handling machine is designed to provide accurate positioning, orientation, 
and identification of either irradiated or unirradiated core components within a 
given sector of the reactor. There are three in-vessel handling machines, each 
controlling the core components in a one-third sector of the reactor, operated from 
a common control console. 

The general philosophy for the selection of materials for the in-reactor components 
is that Type 304 stainless steel is specified unless its strength is insufficient 
or that self-welding and,galling of the moving parts in the liquid sodium will 
present a problem. Inconel 718 is specified for its high temperature strength 
characteristics; AIS1 52100 steel and Stellite No. 3 are used for bearing and 
anti-galling surfaces; Alloy A-286 is specified for bolts and pins; and Type 347 

stainless steel is used for bellows construction for atmospheric seals. 

The arm, stem and foot assembly of the in-vessel handling machine supports, guides 
and aligns the component grapple during vertical and rotary motion. 
accomplished while submerged in liquid sodium at approximately 4OO0F shutdown 
temperature. During operation of the reactor, the assembly is retracted and stored 
in sodium at a maximum temperature of 11OOOF. The assembly may be removed from the 
reactor for repair and maintenance or at end of life. The structural materials are 
estimated to receive a fluence of 5 1.4 x lozo  n/cm2 during their design life of 10 
years after which they will be replaced. 

This is 

4.5.2.5 Reactor Internals Materials Evaluation 

The materials used for the construction of the reactor internals have been identified 
by specification and found to be in-conformance with the requirements of Section 
I11 of the ASME Boiler and Pressure Vessel Code. 

General corrosion and mass, transfer from these materials is expected to be negligible. 
As demonstrated by extensive testing and’satisfactory performance in sodium systems, 
the materials standards and fabeication processes provide reasonable assurance that 
the reactor internals h’i:ld be adequately protected from conditions which could lead 
to loss of structwal integrity. : i - ;  I 

The standards used and the controls imposed during the construction of the austenitic 
stainless steel reactor internals satisfy the recommendations of applicable 
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Regulatory Guides and t h e  requirements o f  Sect ion I X  o f  ASME B o i l e r  and Pressure 

Vessel Code. The m a t e r i a l s  se lec t i on ,  f a b r i c a t i o n  p r a c t i c e s ,  and examination 

procedures performed i n  accordance w i t h  these recommendations p rov ide  reasonable 
assurance t h a t  t h e  r e a c t o r  i n t e r n a l s  w i l l  be i n  an acceptable m e t a l l u r g i c a l  c o n d i t i o n  

t o  prec lude serv ice- induced loss o f  s t r u c t u r a l  i n t e g r i t y  w i t h i n  t h e i r  design l i f e .  

Conformance t o  these standards and se rv i ce  recommendations c o n s t i t u t e s  an acceptable 

bas i s  f o r  meeting i n  p a r t  t h e  requirements o f  General Design C r i t e r i a  1 and 14. 

4.5.2.6 Re f lec to rs  

There a re  f o u r  types o f  r a d i a l  r e f l e c t o r s  l oca ted  i n  rows 7, 8 and 9. 
108 i n  a l l .  

assemblies. The r e f l e c t o r s  a re  made o f  s t a i n l e s s  316 and Inconel  600 w i t h  6 t o  

37 v e r t i c a l  coo lan t  passages t o  remove heat. 

by hard sur face con tac t  surfaces. 

There a re  

The upper and lower  nozzles o f  t h e  r e f l e c t o r s  are very much l i k e  f u e l  

Se l f -we ld ing  and g a l l i n g  a re  prevented 

The des ign l i f e  i s  s e t  two t o  f o u r  t imes below t h e  expected design l i f e .  

ac tua l  design l i f e  w i l l  be determined from examination of i r r a d i a t e d  cups on samples 
up t o  1-2 x l o z 3  nv t .  

appears near 2 x The c a l c u l a t e d  s t r a i n  f o r  des ign l i f e  i s  0.1 percent. 

The r a d i a l  r e f l e c t o r s  a re  designed i n  compliance w i t h  t h e  ASME B o i l e r  and Pressure 

Vessel Code Sect ion I11 FRA-152 and D i v i s i o n  o f  Reactor Development Technology 

Standards. We f i n d  t h e  des ign t o  be i n  compliance w i t h  General Design C r i t e r i o n  1 
and t h e  i n t e n t  o f  Standard Review Plan 4.5.2. 

The 

The lower  th reshho ld  o f  0.5 pe rcen t  e longa t ion  f o r  row seven 

nv t .  

4.6 Func t i ona l  Design o f  R e a c t i v i t y  Con t ro l  System 

1 

The FFTF r e a c t i v i t y  c o n t r o l  system does n o t  i n c l u d e  p r o v i s i o n s  f o r  t h e  a d d i t i o n  of 

a so lub le  neutron poison t o  t h e  r e a c t o r  coolant .  The f u l l  l e n g t h  c o n t r o l  r o d  

assemblies, c o n t a i n i n g  boron carb ide,  a re  t h e  o n l y  shutdown mechanism i n  t h e  event  

o f  a t r a n s i e n t  and a re  i n s e r t e d  a u t o m a t i c a l l y  from above t h e  core, s a t i s f y i n g  t h e  

requirements o f  General Design C r i t e r i o n  20. 

r e s u l t  i n  l o s s  o f  t h e  p r o t e c t i o n  system nor  w i l l  a l o s s  o f  redundancy occur as a 

r e s u l t  o f  removal o f  a channel o r  component from serv ice.  The foregoing,  p e r i o d i c  

t e s t i n g ,  r e l i a b i l i t y  and redundancy, conform t o  t h e  requirements o f  General Design 

C r i t e r i o n  21. 

No c r e d i b l e  s i n g l e  f a i l u r e  w i l l  

The c o n t r o l  rods a r e  d i v i d e d  i n t o  two groups: t h e  p r imary  r o d  group c o n s i s t i n g  o f  

t h r e e  c e n t r a l l y  l oca ted  c o n t r o l  rods i n  t h e  t h i r d  hexagonal row, and the-secondary 

r o d  group c o n s i s t i n g  o f  s i x  c i r c u m f e r e n t i a l l y  d i s t r i b u t e d  c o n t r o l  rods c l o s e r  t o  

t h e  pe r iphe ry  o f  t h e  core i n  t h e  f i f t h  hexagonal row. The c o n t r o l  r o d  d r i v e  mechanisms 

a re  o f  t h e  electro-mechanical leadscrew t ype  s i m i l a r  t o  t h e  d r i v e  mechanisms used 

on many Naval reac to rs .  These d r i v e s  a re  based on t h e  p r i n c i p l e  o f  engaging t h e  

leadscrew w i th  a s p l i t  r o l l e r  n u t  which i s  r o t a t e d  t o  move t h e  r o d  i n  and o u t  o f  

t h e  core. Th is  n u t  i s  disengaged t o  p e r m i t  i n s e r t i o n  o f  t h e  c o n t r o l  r o d  i n t o  t h e  
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core i n  the  scram mode. Engagement o f  t h e  the  r o l l e r  n u t  i s  achieved by energ i z ing  

the  d r i v e  motor f i e l d  which causes t h e  two r o t o r  po les t o  move outward and move the  

s p l i t  n u t  i n t o  engagement w i t h  t h e  leadscrew. 

r o t a t i o n  o f  t h e  e l e c t r i c  s tepping motor which r o t a t e s  t h e  n u t  and i n s e r t s  o r  w i t h -  

draws a rod. Disengagement o f  n u t  and leadscrew i s  accomplished by deenerg izat ion 

o f  t he  motor f i e l d  which a l l ows  the  s p l i t  n u t  t o  be disengaged by spr ings and t h e  

r o d  t o  drop i n t o  t h e  core. F a i l u r e  o f  e l e c t r i c a l  power t o  a c o n t r o l  r o d  assembly 

w i l l  cause i n s e r t i o n  o f  t h a t  assembly. S ing le  f a i l u r e  o f  a c o n t r o l  r o d  assembly i s  

considered i n  t r a n s i e n t  and acc ident  analyses which i nc lude  t h e  most r e a c t i v e  

pr imary c o n t r o l  r o d  assembly s tuck ou ts ide  the  core. 

drawal o f  a c o n t r o l  r o d  assembly i s  found t o  have acceptable r e s u l t s .  Th is  conforms 

t o  t h e  requirements o f  General Design C r i t e r i a  23 and 25. 

Rod movement i s  accomplished by 

Analys is  o f  acc iden ta l  w i t h -  

We reviewed s tud ies  assessing the  f e a s i b i l i t y  o f  p r o v i d i n g  d i v e r s i t y  i n  the  shutdown 

system d u r i n g  the  c o n s t r u c t i o n  review stage. 

na tu re  and l e d  t o  t h e  conclus ion t h a t  a concen t ra t i on  o f  e f f o r t  on development o f  a 

s i n g l e  system would r e s u l t  i n  g rea te r  r e l i a b i l i t y  than cou ld  be achieved i n  two o r  

more undeveloped d i ve rse  systems. 

f o r  t h e  FFTF i s  one which does n o t  possess d i v e r s i t y  b u t  does have redundancy. 

have considered t h i s  ma t te r  c a r e f u l l y  i n  our  rev iew and have concluded t h a t  t h e  

l a c k  o f  d i v e r s i t y  i s  acceptable i n  t h i s  p a r t i c u l a r  experimental r e a c t o r  f a c i l i t y .  

It i s  our  conclus ion t h a t  t h i s  design s a t i s f i e s  t h e  i n t e n t  o f  General Design 

C r i t e r i o n  26. 

These s tud ies  were o f  a scoping 

On t h i s  bas is ,  t he  c o n t r o l  r o d  system se lec ted  

We 

C r i t i c a l i t y  i s  n o t  a l lowed d u r i n g  normal r e a c t o r  ope ra t i on  unless a l l  pr imary 

c o n t r o l  rods a re  withdrawn from the  core. These rods a re  used t o  shut  down the  

r e a c t o r  as necessary. Movement o f  t h e  s i x  secondary c o n t r o l  rods c o n t r o l s  normal 

ope ra t i ng  and s t a r t i n g  r e a c t i v i t y  changes and can a l s o  be used t o  c o n t r o l  a n t i c i -  

pated opera t i ona l  occurrences. For ope ra t i ng  and scram cond i t i ons  f u e l  design 

l i m i t s  w i l l  no t  be exceeded. 

E i t h e r  o f  t h e  two r e a c t o r  c o n t r o l  r o d  group! i s  capable o f  c o n t r o l l i n g  a l l  a n t i c i -  

pated opera t i ona l  changes, t r a n s i e n t s ,  and accidents. A l l  acc idents  are c a l c u l a t e d  

w i t h  t h e  assumption t h a t  o n l y  the  pr imary rods a re  scrammed w i t h  t h e  most r e a c t i v e  

pr imary c o n t r o l  r o d  s tuck,  which complies w i t h  t h e  requirements o f  General Design 

C r i t e r i o n  27. 'The acc idents  a re  a l s o  c a l c u l a t e d  w i t h  t h e  assumption t h a t  o n l y  t h e  

secondary c o n t r o l  rods a re  scrammed. 
I .  I *  , - : .  1 ' 

Add i t i ona l  r e a c t i v i t y  c o n t r o l  i s  a f f o r d e d  on a cyc le - to -cyc le  bas i s  -through t h e  use 

o f  f i x e d  shim rods i n  t h e  seventh hexagonal row. 

a g i ven  core c y c l e  they do n o t  move. T h e i r  l oad ing  p a t t e r n  may be mod i f i ed  a t  f u e l  

loadings, w i t h  rods added t o  o r  subt racted from t h e  r e a c t o r  as' necessary, t o  

account f o r  o v e r a l l  core r e a c t i v i t y  changes from f u e l  d e p l e t i o n  and f i s s i o n  product  

bu i ldup.  

m o d i f i c a t i o n  t o  be acceptable. 

These rods a r e  f i x e d  i n  t h a t  f o r  
I ( I  + J  

+ 

We f i n d  the  use o f  f i x e d  shim rods f o r  o v e r a l l  cyc le - to -cyc le  r e a c t i v i t y  
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5.0 REACTOR COOLANT SYSTEM AND CONNECTED SYSTEMS 

5.1 Reactor Vessel System 

The r e a c t o r  vessel i s  t h e  c e n t r a l  component i n  the  r e a c t o r  vessel system, and 

d i s t r i b u t e s  t h e  f l o w  o f  t he  l i q u i d  sodium coo lan t  t o  remove heat from the  core, 

r e f l e c t o r ,  s h i e l d  and o the r  r e a c t o r  i n t e r n a l s .  The pr imary components i n  the  

r e a c t o r  vessel system a re  the  r e a c t o r  vessel ,  i n c l u d i n g  t h e  i n t e r f a c i n g  p i p e  up t o  

the  v e r t i c a l  weld a t  t he  h o r i z o n t a l  run, the vessel support s t r u c t u r e ,  r e a c t o r  head 

assembly and the  guard vessel. 

The r e a c t o r  vessel system i s  designed t o  accommodate s teady-state ope ra t i ng  condi- 

t i o n s  o f  60OOF t o  792OF i n l e t  temperature a t  225 p s i g  sodium pressure and 858OF t o  

1O5O0F o u t l e t  temperature a t  15 p s i g  sodium pressure, and a maximum core tempera- 

t u r e  d i f f e r e n t i a l  o f  40OoF. The P r o j e c t  

has s t a t e d  i t s  d e s i r e  t o  operate a t  a c o l d  l e g  i n l e t  temperature o f  680OF r a t h e r  

than 60OoF. 

60OoF. 

The average temperature r i s e  i s  30OoF. 

Our rev iew i s  based on the  F i n a l  Safety  Analys is  Report which i s  f o r  

The r e a c t o r  vessel system m a t e r i a l s  have been se lec ted  t o  p rov ide  p r o p e r t i e s  which 

w i l l  assure n o n - b r i t t l e  behavior  and avo id  cond i t i ons  t h a t  might  r e s u l t  i n  r a p i d l y  

propagat ing f a i l u r e s  i n  the  r e a c t o r  vessel system. Considerat ion was g iven by the  

P r o j e c t  t o  d u c t i l i t y  and notch-toughness behavior  o f  t he  ma te r ia l s ,  s t ress  i n t e n s i -  

t i e s  under s t a t i c  and t r a n s i e n t  loadings,  s p e c i f i c a t i o n s  and m a t e r i a l  f a b r i c a t i o n  

procedures, and the  environmental e f f e c t s  o f  se rv i ce  temperatures and i r r a d i a t i o n  

damage. 

l i m i t e d  o r  remote access t o  conduct a s u r v e i l l a n c e  and i n s e r v i c e  i n s p e c t i o n  program. 
Corros ion by sodium i s  minimized by c o n t r o l l i n g  t h e  oxygen concen t ra t i on  i n  the  

sodi um. 

The design o f  t he  r e a c t o r  vessel and the  p r imary  coo lan t  system pe rm i t s  

The r e a c t o r  vessel system i s  designed f o r  an opera t i ng  l i f e  o f  20 years. 

design, ma te r ia l s ,  f a b r i c a t i o n ,  e rec t i on ,  i n s t a l l a t i o n ; ' - i n s p e c t i o n  and t e s t i n g  o f  
The 

t h e  components conform t o  t h e  a p p l i c a b l e  requirements o f  Sections 11, I11 and I X  o f  

t he  ASME B o i l e r  and Pressufe Vessel C h e ,  1968* Edi t ion; . inc lud ing Code Cases and 

Addenda throhgh Summer 19 

Works Standards and AEC R 
A N S I  631.7: as' supplemented by Hanford 

Development' Technology'St&da'rds: 8 

. I  I 

i '  

5.1.1 Reactsr Vessel 

The r e a c t o r  vessel i s  cons t ruc ted  o f  Type 304 s t a i n l e s s  s tee l ' . p ja te  welded w i t h  

Type 308 weld metal.  The c y l i n d r i c a l  p o r t i o n  o f  t h e  vessel has an i n s i d e  diameter 

o f  20 f e e t  3 inches and a w a l l  th ickness o f  2-3/8 inches. The b a r r e l  i s  welded a t  
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about the  core midplane t o  a forged r i n g  t o  which i s  a t tached t h e  core support 

s t r u c t u r e .  The r i n g  i s  welded t o  a t o r i s p h e r i c a l  bottom c losu re  se rv ing  as the  

i n l e t  plenum f o r  t he  r e a c t o r  coolant .  The i n l e t  plenum sec t i on  has a h e i g h t  o f  

114 inches, and a w a l l  th ickness o f  2-31’4 incnes. The o v e r a l l  h e i g h t  o f  ,the 

r e a c t o r  vessel i s  43 f e e t  1-1/2 inches 

A r i n g  f o r g i n g  i s  welded i n t o  the  t o p  o f  t h e  b a r r e l  d i r e c t l y  below the  upper 

f lange.  The r e a c t o r  vessel i s  supported by t h i r t y  18-3/4-inch wide suppor t  arms 

which are welded t o  t h e  f o r g i n g  and b o l t e d  t o  t h e  main vessel support s t r u c t u r e .  

The vessel suppor t  s t r u c t u r e  i s  supported by t h e  concrete ledge i n  the  w a l l  o f  t h e  

reac to r  c a v i t y .  There a re  96 L u b r i t e  bea r ing  pads i n  the  i n t e r f a c e  t o  enable t h e  

main support s t r u c t u r e  t o  s l i d e  w i t h  respect. t.o the  f i x e d  s t r u c t u r e  t o  account f o r  

thermal expansion. The maximum i n t e r f a c e  temperature i s  15OoF. 

A vessel l i n e r  p r o t e c t s  t h e  r e a c t o r  vessel from severe temperature t r a n s i e n t s  and 

reduces the  s teady-state ope ra t i ng  temperature o f  t h e  vessel. The thermal l i n e r  
i s  at tached t o  the  core suppor t  s t r u c t u r e  and extends above t h e  normal sodium 

l e v e l  i n  the  r e a c t o r  vessel. The annulus between t h e  r e a c t o r  vessel and the  

thermal l i n e r  i s  1-1/4 inches. Sodium i s  d i v e r t e d  t o  the  annulus from t h e  i n l e t  

plenum. This  bypass f l o w  serves t o  cool  t h e  w a l l  o f  t he  r e a c t o r  vessel. 

Sodium coo lan t  en te rs  t h e  r e a c t o r  vessel from t h e  heat t r a n s p o r t  system through 

th ree  16- inch diameter p ipes i n  the i n l e t  plenum a t  t h e  b o t t o n  o f  t h e  r e a c t o r  

vessel. 

components and l i n e r  c o o l i n g  annulus. 

o u t l e t  plenum above t h e  core and a re  discharged through th ree  28-inch diameter 

Type 316 s t a i n l e s s  s t e e l  p ipes t o  t h e  heat  t r a n s p o r t  system. 

The coo lan t  i s  mixed w i t h i n  t h i s  r e g i o n  and d i s t r i b u t e d  through t h e  core 

Core f l o w  and bypass f l ows  are mixed i n  the  

I n  a d d i t i o n  t o  the  i n l e t  and o u t l e t  p ipes ,  nozzles are prov ided i n  t h e  upper 

p o r t i o n  o f  t he  r e a c t o r  vessel f o r  sodium makeup, sodium ove r f l ow  and sodium 

sampling. 

5.1.2 Reactor Head Assembly 

The r e a c t o r  head assembly prov ides t h e  c losu re  f o r  t h e  r e a c t o r  vessel. 

f e e t  i n  diameter and 21.81 inches t h i c k .  The assembly i s  f a b r i c a t e d  from two ASME 

Sect ion I1 SA-508, Class 2 f o r g i n g s  which a re  but t -welded together .  

major pene t ra t i ons  i n  the  reactOr head assembly. The temperature l e v e l  and d i s t r i -  

b u t i o n  i n  the  c losu re  head a re  c o n t r o l l e d  by two independent v e n t i l a t i n g  systems. 

It i s  25 

There a re  51 

A se r ies  o f  metal p l a t e s  i s  suspended beneath t h e  head t o  p rov ide  thermal and 

r a d i a t i o n  s h i e l d i n g ,  and t o  suppress gas entrainment a t  t he  su r face  o f  t h e  sodium 

coolant .  The b i o l o g i c a l  s h i e l d i n g  i s  supported by s t e e l  c y l i n d e r s  welded t o  t h e  

head a t  each o f  t h e  t h r e e  pene t ra t i ons  f o r  t h e  in-vessel  hand l i ng  machine. The 

5-2 



p l a t e s  going toward the  sodium pool  a re  ds f o l l ows :  two 4- inch t h i c k  carbon s t e e l  

p l a t e s ;  one 4- inch t h i c k  Type 410 s t a i n l e s s  s t e e l  p l a t e ;  one 5- inch Inconel  600 

p l a t e ;  seven 0 .1 - inch  Type 304 s t a i n l e s s  s t e e l  p l a t e s ;  and one 0.25-inch Type 304 

s t a i n l e s s  s t e e l  p l a t e .  The to ta :  th ickness o f  t he  s h i e l d i n g  i s  29-1/2 inches. 

The head assembly i s  supported a t  t he  edges by an " I "  cross s e c t i o n  r i n g  which 

r e s t s  on the  main vessel support s t r u c t u r e .  Seal ing a t  t he  head i s  made by an 

omega seal welded t o  the  upper f l ange  o f  t he  reac to r  vessel and t o  the  "I"  r i n g ,  

and by two concen t r i c  copper p l a t e d  Inconel  600 m e t a l l i c  O-rings between the vessel 

and the head and the  o the r  between t h e  head and the  support s t r u c t u r e .  

5.1.3 Reactor Guard Vessel 

The r e a c t o r  vessel i s  surrounded by a guard vessel which i s  supported by t h e  f l o o r  

o f  t he  r e a c t o r  c a v i t y .  The purpose o f  t he  guard vessel i s  t o  assure t h a t  t he  core 

and r e a c t o r  vessel o u t l e t  nozzles a re  submerged i n  sodium i n  the  event o f  a major 

coo lan t  l e a k  i n  the  p i p i n g  connections below the  top  o f  t he  guard vessel. 

guard vessel i s  s i zed  t o  p rov ide  a nominal clearance o f  8 inches between the  w a l l s  

o f  t he  r e a c t o r  and guard vessel which would c o n t r o l  t he  sodium l o s t  i n  the  event o f  

a leak.  

The 

The guard vessel i s  designed, analyzed, and const ructed t o  the  requirements o f  

Class 1 components o f  Sect ion 111 o f  t he  ASME B o i l e r  and Pressure Vessel Code. It 

i s  cons t ruc ted  o f  Type 304 s t a i n l e s s  s t e e l  and welded w i t h  Type 308 weld metal.  

The guard vessel i s  i n s u l a t e d  on the  ou te r  sur face i n  order  t o  conserve heat and 

p r o t e c t  t he  r e a c t o r  concrete c a v i t y  w a l l  from heat. The th ickness o f  t he  guard 

vessel v a r i e s  from 1 t o  2-1/2 inches t o  ma in ta in  s t r u c t u r a l  i n t e g r i t y  f o r  l oad ing  

combinations a t  t h e  design temperature o f  105OOF. 

5.1.4 Reactor Vessel System M a t e r i a l s  Eva lua t i on  

The m a t e r i a l s  used f o r  c o n s t r u c t i o n  o f  t he  r e a c t o r  vessel and i t s  appurtenances 

have been i d e n t i f i e d  by s p e c i f i c a t i o n  The design, m a t e r i a l  s p e c i f i c a t i o n s ,  

f a b r i c a t i o n ,  i nspec t i on ,  and q u a l i t y  assurance requirements f o r  t h e  components 

conform t o  recommendations o f  Sections.11,- 111 and I X  o f  t he  ASME B o i l e r  and 

Pressure Vessel Code, 1968 E d i t i o n ,  i n c l u d i n g  ASME Code Cases,and Addenda through 

Summer 1970 and supplemented b y - a p p l i c a b l e  Hanford Works Standards and Reactor 

Development Technology Standards f o r  m a t e r i a l  use from 8OO0F t o  1 2 5 O O F .  Since 

c e r t i f i c a t i o n  has been made by the  P r o j e c t  t h a t  t h e  m a t e r i a l s  and f a b r i c a t i o n  

requirements o f  t he  ASME-Boiler and,Pressure Vessel Code have been complied w i t h ,  

t he  spec ia l  processes used a re  acceptable. 

The methods used f o r  nondestruct ive examination o f  t h e  r e a c t o r  vessel and i t s  

appurtenances have bLen i d e n t i f i e d  and have been found equ iva len t  o r  super io r  t o  

t h e  techniques descr ibed i n  Sect ion V o f  the ASME Code. Demonstrations have been 
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made us ing these spec ia l  techniques and have s a t i s f i e d  a l l  requirements o f  t h e  ASME 
Code. The spec ia l  methods o f  nondestruct ive examination are deemed acceptable. 

Special c o n t r o l s  and spec ia l  weld ing processes used f o r  weld ing t h e  r e a c t o r  vessel 

and i t s  appurtenances have been i d e n t i f i e d  and found t o  be q u a l i f i e d  i n  accordance 

w i t h  t h e  requirements o f  Sections I11 dnd I X  o f  t he  ASME Code. The c o n t r o l s  imposed 

and the  examination procedures used p rov ide  assurance t h a t  welds f a b r i c a t e d  by the  

process w i l l  have h i g h  i n t e g r i t y  and w i l l  have a s u f f i c i e n t  degree o f  toughness t o  

f u r n i s h  adequate s a f e t y  margin d u r i n g  operat ion,  t e s t i n g ,  maintenance, and p o s t u l a t e d  

acc ident  cond i t i ons .  

i n  conformance w i t h  Regulatory Guide 1.31,'"Control o f  S ta in less  Steel  Welding." 

The c o n t r o l s  imposed upon a u s t e n i t i c  s t a i n l e s s  s t e e l  welds are 

The r e s u l t s  o f  f r a c t u r e  toughness t e s t s  repo r ted  by the P r o j e c t  on s t a i n l e s s  s t e e l  

weldments p rov ide  reasonable assurance t h a t  adequate s a f e t y  margins aga ins t  t h e  

p o s s i b i l i t y  o f  nonduc t i l e  behavior o r  r *ap id ly  propagat ing f r a c t u r e  can be es tab l i shed  

f o r  a l l  p ressu re - re ta in ing  components o f  t he  r e a c t o r  coo lan t  boundary. The use o f  

t h e  r e s u l t s  o f  f r a c t u r e  toughness t e s t s  performed i n  accordance w i t h  accepted t e s t  

procedures w i l l  p rov ide  adequate s a f e t y  margins d u r i n g  operat ing,  t e s t i n g ,  maintenance, 
and p o s t u l a t e d  des ign bas i s  acc iden t  cond i t i ons .  

consMtu tes  an acceptable bas i s  f o r  s a t i s f y i n g  the  requirements o f  General Design 

C r i t e r i o n  31, "F rac tu re  Prevent ion o f  Reactor Coolant Pressure Boundary." 

Compliance w i t h  these p r o v i s i o n s  

The i n t e g r i t y  o f  t he  r e a c t o r  vessel systeni i s  assured because t h e  r e a c t o r  vessel ,  

t he  c losu re  head and the  guard vessel: 

(4) 

(5 

have been designed and f a b r i c a t e d  t o  the  h igh  standards o f  q u a l i t y  requ i red  by 

t h e  ASME B o i l e r  and Pressure Vessel Code, p e r t i n e n t  Code Cases as supplemented 

by a p p l i c a b l e  Hanford Works Standards and Reactor Development Technology 

Standards; 

have been made from m a t e r i a l s  o f  c o n t r o l l e d  and demonstrated h igh  q u a l i t y ;  

have been subjected t o  extens ive p rese rv i ce  i n s p e c t i o n  and t e s t i n g  t o  p rov ide  

assurance t h a t  t h e  vessel w i l l  n o t  f a i l  because o f  m a t e r i a l  o r  f a b r i c a t i o n  

d e f i c i e n c i e s ;  

w i l l  be operated under cond i t i ons  and procedures and w i t h  p r o t e c t i v e  devices 

t h a t  p rov ide  assurance t h a t  t h e  r e a c t o r  vessel design cond i t i ons  w i l l  n o t  be 

exceeded d u r i n g  normal r e a c t o r  ope ra t i on  and t h a t  t he  vessel w i l l  n o t  f a i l  

under t h e  cond i t i ons  o f  t he  p o s t u l a t e d  acc idents ;  

can be subjected t o  i n s p e c t i o n  o f  the e x t e r i o r  vessel sur face and nozzles 

remote ly  by c losed c i r c u i t  t e l e v i s i o n  t o  v e r i f y  t h a t  t he  h igh  i n i t i a l  q u a l i t y  

o f  t h e  r e a c t o r  vessel has n o t  d e t e r i o r a t e d  s i g n i f i c a n t l y  under se rv i ce  condi- 

t i o n s  through m a g n i f i c a t i o n  o f  t h e  t e l e v i s i o n  image; and 
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( 6 )  w i l l  be sub jec t  t o  a P r o j e c t  s u r v e i l l a n c e  program t o  mon i to r  t h e  m a t e r i a l  

behavior w i t h i n  the  r e a c t o r  w i t h  i r r a d i a t i o n .  

5.2 Heat Transpor t  System 

The c o o l i n g  c a p a b i l i t y  f o r  t h e  heat  t r a n s p o r t  system i s  400 Wt  when t h e  r e a c t o r  i s  

operated w i t h  th ree  c o o l i n g  c i r c u i t s .  

pr imary and secondary sodium c o o l i n g  loops so arranged t o  p e r m i t  n a t u r a l  convect ion 

f o r  shutdown decay heat  removal. 

r a d i o a c t i v e  from t h e  nonradioact ive sodium; and a dump heat exchanger r e j e c t s  the  

sens ib le  heat  from t h e  secondary sodium t o  the  atmosphere. 

Each c i r c u i t  conta ins i d e n t i c a l  and equal 

An in te rmed ia te  heat  exchanger separates the  

The components i n  t h e  pr imary loops a re  l oca ted  i n  separate c e l l s  i n  t h e  reac to r  

containment b u i l d i n g  so t h a t  a f a u l t  i n  one c i r c u i t  can be i s o l a t e d  from t h e  two 

remaining c i r c u i t s .  

loops a re  l oca ted  i n  equipment c e l l s  i n  t h e  heat  t r a n s f e r  se rv i ces  b u i l d i n g  

ou ts ide  o f  t h e  r e a c t o r  containment b u i l d i n g .  

For maintenance purposes the  components i n  t h e  secondary 

The heat  t r a n s p o r t  system was designed, analyzed and f a b r i c a t e d  i n  accordance w i t h  

t h e  requirements o f  t he  ASME B o i l e r  and Pressure Vessel Code, Sec t i on  11, I11 and 

I X ,  and supplemented by FRA-152, "Supplementary S t r u c t u r a l  Design C r i t e r i a  f o r  FFTF 

App l i ca t i on , "  Code Case 1331, and approp r ia te  Hanford Works Standards and Reactor 

Development Technology Standards. The design was v e r i f i e d  and the  s t r u c t u r a l  

adequacy determined under a number o f  v a r i a b l e  l oad ing  cond i t i ons ,  b o t h  normal and 

of f -normal ,  i n c l u d i n g  a l oad  h is togram f o r  t h e  a n t i c i p a t e d  events d u r i n g  a 20-year 

des ign l i f e  o f  t h e  p l a n t .  

was conducted t o  v e r i f y ? d e s i g n  and component performance c a p a b i l i t y .  

s t a r t u p ,  t h e  P r o j e c t  i s  p lann ing  extens ive c o n s t r u c t i o n  and e leva ted  temperature 

acceptance t e s t i n g  t o  f u r t h e r  prove and c o n f i r m  the  s t r u c t u r a l  behavior  and i n t e g r i t y  

o f  t he  components and system design. 

I n  a d d i t i o n .  an extens ive development and t e s t  program 

P r i o r  t o  

5.2.1 Primary Sodium.Loop 

Heated sodium f lows from t h e  r e a c t o r  o u t l e t  nozz le through t h e  h o t  l e g  i s o l a t i o n  

va l ve  t o  t h e  s u c t i o n  o f  a c e n t r i f u g a l ,  f r e e  sur face pump. The pump discharge i s  

c i r c u l a t e d  t o  t h e  s h e l l  s i de  o f  t h e  i n te rmed ia te  heat  exchanger where t h e  h e a t - i s  

t r a n s f e r r e d  t o  t h e  secondary loop. ,The f l o w  cont inues from t h e  i n te rmed ia te  heat  

exchanger th rough  a,f low.meter,,a check va l ve  and a c o l d  l e g  i s o l a t i o n  valve. 

sodium then  en te rs  t h ?  yeagtor,vessel +nd f l ows  through t h e  r e a c t o r  core, thus 
The 

complet ing t h e  f l o w  c i , r cu i t .  e+* I 

The p i p i n g  from t h e  reac to r , vesse l  t o  'the-pump s u c t i o n  i s  28 inches ou ts ide  diameter; 

t h e  p i p e  from the.pump discharge,,to t h e  r e a c t o r  i n l e t  i s  16 inches ou ts ide  diameter. 
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The h o t  l e g  i s  f a b r i c a t e d  from 3/t?-inch t h i c k  seamless Type 316H s t a i n l e s s  s t e e l  

p ipe.  The c o l d  l e g  i s  f a b r i c a t e d  from 3/8-inch t h i c k  seamless Type 304H s t a i n l e s s  
s t e e l  p ipe.  The components are f a b r i c a t e d  from Type 304 s t a i n l e s s  s t e e l .  I n  

a d d i t i o n  t o  Types 304H and 316H s t a i n l e s s  s t e e l  and the  corresponding weld metals, 

Types 308, 316 and 16-8-2, l i m i t e d  q u a n t i t i e s  o f  Inconel  718 and S t e l l i t e  6 a re  

s p e c i f i e d  f o r  use w i t h i n  t h e  heat  t r a n s f e r  system 

The h o t  l e g  o f  t h e  pr imary sodium loop  i s  designed t o  operate a t  a maximum tempera- 

t u r e  o f  1050OF and pressures ranging from 15 p s i g  a t  t h e  o u t l e t  o f  the r e a c t o r  t o  

225 p s i g  a t  t h e  i n l e t  o f  t h e  i n te rmed ia te  heat exchanger. The c o l d  l e g  i s  designed 

t o  operate a t  a maximum temperature o f  83OoF and a pressure o f  225 p s i g  a t  t h e  

i n l e t  t o  the  reac to r .  

The pr imary sodium loop cover gas opera t i ng  pressure i s  10 inches water gauge, 

which i s  mainta ined by t h e  r e a c t o r  cover gas p u r i f i c a t i o n  system us ing  argon cover 

gas i n  the  r e a c t o r  vessel; r e a c t o r  vedsel ove r f l ow  tank,  and t h e  pump tank gas 
volumes. All pr imary sodium loop gas pressures are equal ized and c o n t r o l l e d  f r o m  a 

s i n g l e  source. 

f e e t  1 i n c h  above t h e  o u t l e t  nozzle cen te r  l i n e .  

The f i x e d  reference sodium l e v e l  w i t h i n  t h e  r e a c t o r  vessel i s  14 

5.2.2 Guard Vessels 

Guard vessels a re  prov ided f o r  t h e  c i r c u l a t i o n  pump and in te rmed ia te  heat  exchanger 

i n  the  p r imary  sodium loop. The guard vessels are const ructed t o  the  requirements 

o f  Sect ion 111 o f  t he  ASME B o i l e r  and Pressure Vessel Code, 1968 E d i t i o n  i n c l u d i n g  

Summer 1970 Addenda and supplemented by Code Case 1331 and FRA-152. 

vessel i s  f a b r i c a t e d  from Type 304H s t a i n l e s s  s t e e l  and c o n s i s t s  o f  a tank  and 

cover. 

i n  the  r e a c t o r  vessel i n  the  event  o f  a major sodium leakage. The guard vessels 

are supported by con ica l  support s k i r t s  welded t o  t h e  vessels and in terconnected 

w i t h  the  foundat ion wa l l s .  

Each guard 

The guard vessels assure t h a t  a minimum sa fe  l e v e l  o f  sodium i s  mainta ined 

5.2.3 Secondary Sodium Loop 

The secondary loop c i r c u l a t e s  nonradioact ive sodium and t r a n s p o r t s  heat  from t h e  

tube s ide  o f  t h e  i n te rmed ia te  heat  exchanger t o  t h e  a i r - c o o l e d  dump heat  exchanger. 

The i n l e t  and o u t l e t  p i p i n g  adjacent  t o  t h e  i n te rmed ia te  heat  exchanger i s  i n s i d e  

t h e  r e a c t o r  containment b u i l d i n g .  

sodium expansion tank,  secondary pump and associated equipment, i s  l oca ted  i n  the  

access ib le ,  unshielded, r e i n f o r c e d  c e l l s  w i t h i n  t h e  se rv i ce  b u i l d i n g .  The se rv i ce  

b u i l d i n g  prov ides weather and m i s s i l e  p r o t e c t i o n  f o r  t h e  components i n  t h e  eas t  

The balance o f  t he  secondary loop, i n c l u d i n g  t h e  

loop. 

Heated secondary sodium f l ows  from t h e  i n te rmed ia te  heat  exchanger through t h e  

containment p e n e t r a t i o n  t o  t h e  dump heat  exchanger i n  16-inch ou ts ide  diameter 
I 
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pipe.  I n  the  v i c i n i t y  o f  t he  dump heat exchanger, t he  16- inch p i p e  branches and 

reduces down t o  an 8 - inch  ou ts ide  diameter p ipe ,  which connects t o  a h o t  l e g  

i s o l a t i o n  va lve.  The p i p e  then  connects t o  an i n l e t  header t o  one o f  f o u r  dump 

heat  exchanger modules se rv ing  t h e  secondary loop. The o u t l e t  from the  dump heat 

exchanger module connects t o  an 8 - inch  c o l d  l e g  i s o l a t i o n  va lve.  The p i p e  then 

expands t o  a 16-inch ou ts ide  diameter. I n  the  v i c i n i t y  o f  t h e  secondary c i r c u l a -  

t i o n  pump, t h e  16-inch p i p e  expands t o  a 28-inch ou ts ide  diameter and connects t o  

t h e  s u c t i o n  o f  t he  secondary pump. The pump discharges t o  16- inch ou ts ide  diameter 

p ipe,  through a p e n e t r a t i o n  i n  t h e  r e a c t o r  containment b u i l d i n g ,  and connects t o  

t h e  i n te rmed ia te  heat  exchanger t o  complete t h e  sodium c i r c u i t .  Sodium f l o w  i s  

measured by a permanent magnet f lowmeter l oca ted  downstream from the  pump discharge. 

A sodium expansion tank  i s  prov ided i n  each secondary loop t o  accommodate thermal 

expansion and p ressu r i ze  t h e  system. An argon cover gas opera t i ng  pressure o f  

175 p s i g  maximum i s  mainta ined by c o n t r o l  o f  t h e  argon supply. 

i n  t h e  i n te rmed ia te  heat  exchanger i s  mainta ined approx imate ly  20 p s i g  above t h e  

p r imary  sodium loop pressure i n  o rde r  t o  avo id  r a d i o a c t i v e  contaminat ion o f  t he  

secondary loop i n  t h e  event o f  tube leakage i n  t h e  i n te rmed ia te  heat  exchanger. 

The sodium pressure 

The m a t e r i a l s  s p e c i f i e d  f o r  t he  c o n s t r u c t i o n  and f a b r i c a t i o n  o f  t he  pr imary and 

secondary sodium loops a re  equiva lent .  The 16-inch ou ts ide  diameter h o t  l e g  p i p e  

and t h e  28- inch ou ts ide  diameter s e c t i o n  o f  t h e  p i p e  a t  t he  i n l e t  o f  t he  c i r c u l a -  

t i o n  pump i n  t h e  secondary loop a re  3/8 inch t h i c k ,  seamless Type 31GH s t a i n l e s s  

s t e e l .  

Type 304H s t a i n l e s s  s t e e l .  

maximum temperature o f  1000°F, and the  c o l d  l e g  a t  83OoF. 

a r e  designed t o  operate a t  a maximum pressure o f  250 ps ig .  

The p i p e  and components i n  the  balance o f  t h e  secondary loop a re  seamless 

The h o t  l e g  o f  t h e  loop i s  designed t o  operate a t  a 

Both h o t  and c o l d  legs 

5.2.4 I n s u l a t i o n  

Tabular e l e c t r i c  res i s tance  hea t ing  elements a re  prov ided f o r  t h e  pr imary and 

secondary l oop  p i p i n g  and valves, t h e  p r imary  sodium c i r c u l a t i o n  pump and guard 

vessel ,  t h e  secondary sodium c i r c u l a t i o n  pump, t h e  i n te rmed ia te  heat  exchanger and 

guard vessel, and t h e  headers t o  t h e  secondary dump heat  exchangers. 

p rov ide  t h e  c a p a b i l i t y  t o - p r e h e a t  and ma in ta in  temperature o f  t he  p i p i n g  and components 

d u r i n g  pe r iods  when nuc lear ,heat  i s -  not' a v a i l a b l e ,  such as d u r i n g  i n i t i a l  s t a r t u p ,  

o r  when nuc lear  heat  i s  n o t  s u f f i c i e n t  t o  ma in ta in  des i red  system temperatures. 

These heaters  

1 .  L 

The e l e c t r i c a l  heaters  a re  'supported around t h e  p i p i a g  and components by 

p r e f a b r i c a t e d  s t a i n l e s s  s t e e l  heater  suppor t  assemblies. 

a t tached t o  t h e  sur face o f  t h e  p i p i n g  o r  component w i t h  stainl 'ess s t e e l  banding 

s t raps ,  a l l o w i n g  t h e  supports t o  expand o r  c o n t r a c t  w i t h  system temperature changes. 

The heater  supports a re  covered w i t h  0.025-inch t h i c k  Type 302 o r  304 s t a i n l e s s  

s t e e l  sheet, forming an annular  oven between t h e  p i p i n g  o r  component su r face  and 

t h e  i n s u l a t i o n .  Leak de tec to r  and thermocouple f i t t i n g s  a re  supported from t h i s  

The heater  supports a re  
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sheet. I n s u l a t i o n  i s  a p p l i e d  over t h e  s t a i n l e s s  s t e e l  sheet, fastened i n  p lace,  

and covered w i t h  an o u t e r  j a c k e t  o f  0.010-inch t h i c k  s t a i n l e s s  s t e e l  sheet. The 

ou te r  j a c k e t  i s  banded i n  p lace  w i t h  s t a i n l e s s  s t e e l  banding s t raps.  

Various types o f  i n s u l a t i o n  m a t e r i a l s  are used i n  f u l f u l l i n g  the  design requirements 

and essen t ia l  f ea tu res  o f  t he  i n s u l a t i o n .  The i n s u l a t i o n  ma te r ia l s  were purchased 

t o  standards f o r  h igh  temperature sodium sytems: RDT Standard M-12-6, "Mineral 

F i b e r  Thermal I n s u l a t i o n ,  R ig id ,  F l e x i b l e  and Loose F i l l ;  "ROT Standard M-12-2, 

"Calcium S i l i c a t e  B lock  and Pipe Thermal I n s u l a t i o n , "  and RDT Standard M-12-5, 

"Thermal I n s u l a t i o n ,  F l e x i b l e  o r  Molded, High Temperature, Low Conduc t i v i t y . "  The 

i n s u l a t i o n  on t h e  heat  t r a n s p o r t  system was t e s t e d  f o r  sodium c o m p a t i b i l i t y  and f o r  

s t ress  co r ros ion  c rack ing  i n  accordance w i t h  RDT Standard M-12-1, "Test Requirements 

f o r  Thermal I n s u l a t i n g  M a t e r i a l s  f o r  Use i n  A u s t e n i t i c  S ta in less  S tee l . "  

5.2.5 V e r i f i c a t i o n  and Acceptance Test Programs 

Design v e r i f i c a t i o n  t e s t s  were conducted t o  con f i rm  design fea tu res  o f  t h e  heat 

t r a n s p o r t  system n o t  d i r e c t l y  amenable t o  analyses. Sodium t e s t s  o f  f u l l  sca le 

p ro to type  o r  p l a n t  u n i t s  o f  t h e  sodium pumps, dump heat  exchanger module and i s o l a t i o n  
valves and the  p r imary  check va lves have been conducted. 

was t o  evaluate t h e  des ign and the  s t r u c t u r a l  i n t e g r i t y  o f  t he  system. 

i n  t h e  heat  t r a n s p o r t  p i p i n g  have been t h e  sub jec t  o f  extens ive t e s t s :  

tees i n  t h e  secondary loop downstream from t h e  dump heat  exchanger where s i g n i f i c a n t  

c y c l i c  thermal s t r e s s  may occur  and the  thermowell p e n e t r a t i o n  where sodium f l o w  

may induce c y c l i c  stresses. 

The purpose o f  t he  t e s t i n g  

Two areas 

t h e  16- inch 

Design l i f e  expectancies were v e r i f i e d .  

Acceptance t e s t i n g  o f  t h e  heat  t r a n s p o r t  system w i l l  v a l i d a t e  t h e  design, const ruc-  

t i o n ,  performance, and opera t i ng  procedures. 

ensured by a s e r i e s  o f  l e a k  t e s t s  p r i o r  t o  sodium f i l l .  Funct ional  t e s t i n g  o f  t h e  

components and t h e  systems w i l l  be performed over t h e  temperature range o f  400' t o  

8OO0F a f t e r  sodium f i l l .  

heat  removal by n a t u r a l  convect ion w i t h  f i s s i o n  power d u r i n g  s ta r tup .  

The i n t e g r i t y  o f  t h e  system w i l l  be 

An impor tant  t e s t  w i l l  i nc lude  t e s t i n g  t o  con f i rm  decay 

5.2.6 Leak .Detection 

The P r o j e c t  has s t a t e d  t h a t  d i ve rse  methods w i l l  be employed t o  d e t e c t  sodium 

leakage from t h e  r e a c t o r  coo lan t  pressure boundary. 

con tac t  de tec to rs  ( e l e c t r i c a l  c o n d u c t i v i t y  o f  leaked sodium), aerosol  de tec to rs  

(sodium i o n i z a t i o n  and d i f f e r e n t i a l  pressure across f i l t e r s ) ,  chemical analyses 

( c a v i t y  and c e l l  m o n i t o r i n g  o f  t h e  atmosphere) and v i s u a l  i n s p e c t i o n  i n  guard 

spaces (c losed c i r c u i t  t e l e v i s i o n  camera and p e r i s c o p i c  examination). 

The methods descr ibed a r e  

The P r o j e c t  and t h e  s t a f f  p lace  l i t t l e  r e l i a n c e  on t h e  use o f  con tac t  de tec to rs  

l oca ted  i n  the  annulus between t h e  r e a c t o r  vessel and guard vessel. 

t i o n  and d i f f e r e n t i a l  pressure devices were recommended by t h e  s t a f f  and probes 

Sodium i o n i z a -  
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have been incorpora ted  i n  the  design near the  th ree  r e a c t o r  i n l e t s .  

chemical ana lys is  o f  the  atmosphere i n  the  r e a c t o r  c a v i t y  i s  considered by the  

P r o j e c t  as,tAe t h i r d  system f o r  sodium leakage de tec t ion .  Dur ing r e a c t o r  shutdown, 

the  c losed c i r c u i t  t e l e v i s i o n  camera may prov ide  a method t o  l o c a t e  sodium leakage 

from the  r e a c t o r  vessel. 

I n  a d d i t i o n ,  

The r e a c t o r  c a v i t y ,  i n c l u d i n g  the  e leva ted  heat t r a n s p o r t  p i p i n g  and i s o l a t i o n  

va lves,  w i l l  be monitored by chemical ana lys is  o f  the  ambient atmosphere. The 

atmosphere w i l l  be analyzed f o r  concentrat ions o f  oxygen, mois ture,  hydrogen and 

Na24 gamma a c t i v i t y .  Contact de tec tors  w i l l  be i n s t a l l e d  a t  s p e c i f i e d  low p o i n t s  

w i t h i n  the  p i p e  i n s u l a t i o n .  

The heat t r a n s p o r t  c e l l s ,  which conta in  the  pr imary pump and in te rmed ia te  heat 

exchanger, are monitored by chemical a n a l y s i s  o f  the  ambient atmosphere, con tac t  

de tec tors  i n s t a l l e d  a t  s p e c i f i e d  low p o i n t s  w i t h i n  the  p i p i n g  and a t  the  bottom o f  

the  pr imary pumps and in te rmed ia te  heat  exchanger, and remote v i sua l  examination 

o f  the  c e l l s  and guard vessels. 

Local alarms are prov ided i n  the  containment and serv ice  b u i l d i n g s  f o r  each l e a k  

de tec tor .  

f e a t u r e  t o  annunciate s i g n a l s  from a p a r t i c u l a r  l oca t i on .  A f t e r  c o n f i r m a t i o n  o f  

the  i n i t i a l  s i gna l ,  t h e  opera tor  w i l l  i n i t i a t e  a s p e c i f i c  program t o  shut  down the  

reac to r ,  t o  i s o l a t e  t h e  leak,  and t o  d r a i n  the  sodium from the  a f f e c t e d  loop i n  

o rder  t o  s t a b i l i z e  the  p l a n t  under known safe cond i t ions .  

Common alarms are prov ided i n  the  con t ro l  room w i t h  a re t ransmiss ion  

An est imate o f  the  s e n s i t i v i t y  o f  the  l e a k  d e t e c t i o n  systems i n  t h e  FFTF pr imary 

heat  t r a n s p o r t  system was prov ided i n  Appendix B o f  the  F ina l  Safety  Analys is  

Report. The response and s e n s i t i v i t y  o f  the  l e a k  d e t e c t i o n  systems remain t o  be 

demonstrated i n  a p r o t o t y p i c a l  l e a k  d e t e c t i o n  system p r i o r  t o  s ta r tup .  

The contac t  d e t e c t o r  was est imated by t h e  P r o j e c t  t o  d e t e c t  a sodium l e a k  o f  

160 ga l lons  per  hour. 

crack o f  0.7 i nch  a t  8OO0F and 140 p s i g  pressure. 

was est imated t o  d e t e c t  3.3 x 

from a 1-square-inch sodium pool  a t  800OF. The d i f f e r e n t i a l  pressure d e t e c t o r  was 

designed t o  serve as a backup t o  the  sodium i o n i z a t i o n  de tec tor  and was est imated 

t o  have a s e n s . i t i v i t y  o f  50 mg o f  sodium. The ana lys is  o f  the  ambient atmosphere 

was l i m i t e d  t o  gamma r a d i a t i o n  and hydrogen de tec t ion .  The r a d i a t i o n  d e t e c t o r  was 

est imated t o  have a s e n s i t i v i t y  amounting t o  the  amount o f  sodium evaporat ing from 

a 34-square-inch sodium pool .  The hydrogen de tec tor  i s  s e n s i t i v e  t o  a 10 percent  

inventory  change which i s  est imated t o  occur i n  68 minutes o f  r e a c t i o n  t ime between 

mois ture,  i n  -the ambient atmosphere and a 1-square-inch sur face o f  sodium a t  80OoF. 

Th is  l e a k  i s  approximately equivalent '  t o  a throughwal l  

The sodium i o n i z a t i o n  d e t e c t o r  

g/cc sodium i n  the  ambient temperature evaporated 

Visual  examination i n  guard vessel spaces w i t h  e i t h e r  per iscope o r  t e l e v i s i o n  

camera can be conducted o n l y  d u r i n g  r e a c t o r  shutdown. 
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5.2.7 Heat Transport System Materials Evaluation 

Information was presented by the Project for the concept of "leak before break" in 
the FFTF heat transport system. 
pipe break in the cold leg is not expected to occur and is not considered the 
initiating event for a core disruptive accident. 
inherently high fracture toughness and ducti 1 ity of Types 304H and 316H stainless 
steel, including the weld metals, and the expectation that these properties will be 
retained throughout the service life of the facility. Tests will be conducted to 
verify sustaining these properties by adequate materials surveillance programs. 
judgment is also based on the assumption that preservice and inservice inspection 
methods would be effective in identifying and locating small flaws and correcting 
them before they experience significant growth to cause sodium leakage in the heat 
transport system. 

It is our judgment that a double-ended instantaneous 

Our judgment is based on the 

Our 

It is our judgment that the information presented by the Project has not adequately 
addressed the areas of validation and redundancy of the leak detection systems, and 
that the materials surveillance and inservice inspection program should be improved 
to ensure continued heat transport system integrity. The Project has n o t  addressed 
to our satisfaction the long-term material integrity verification procedures or the 
prototypical reliability and maintainability of the sodium leak detection systems. 
These areas remain open at this time. 

General Design Criterion 30, "Quality of Reactor Coolant Boundary," requires that 
means be provided for detecting and, to the extent practical, identifying the 
location of the source of sodium coolant leakage to the atmosphere. It is essential 
that leakage detection systems have the capability to detect sodium leakage as soon 
after occurrence as practical to minimize the potential for gross boundary failure. 
Cracks that might develop and penetrate the boundary are expected to grow very 
slowly and to afford ample time for a safe and orderly plant shutdown after a leak 
is detected. Provisions for testing and calibrating the leakage detection systems 
during plant operation should be provided. 

Since nuclear power plants may be operating at the time an earthquake occurs, the 
leakage detection systems should be designed to continue functioning after seismic 
events. We consider preservation of reactor coolant a safety-related function-and 
recommend that the leak detection system be seismically qualified and on IE power. 

The information describing the leak deteqtion systems, the sensors, and the operating 
principles of each system and the installed system tests was reviewed. 
included the information provided by the Project describing the experimental test 
program at the Liquid Metal Engineering Center for the sensors and leak detection 
systems. We do not consider that the contact detectors have been shown to have the 
reproducibility of detection required in a leak detection system. In 86 percent of 
the tests conducted at the Liquid Metal Engineering Center, although the detector 
was, placed at times directly below the leak, the contact detector failed to respond. 

The review 
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The t e s t  data eva lua t i on  i s  t h a t  t h e  sodium i o n i z a t i o n  de tec to r  was shown t o  be 

capable o f  d e t e c t i n g  small  leaks i f  t h e  aerosols  generated by t h e  l e a k  reach the  

" s n i f f e r "  tube. 

d e t e c t o r  p laced a t  t he  o u t l e t  p ipes o f  t h e  r e a c t o r  vessel w i l l  d e t e c t  aerosols  

generated from a l e a k  i n  t h e  r e a c t o r  vessel o r  p ipes some d i s tance  from t h e  " s n i f f e r "  

tube. I n  severa l  o f  t he  t e s t s  a t  t h e  L i q u i d  Metal Engineer ing Center where the re  

was c e l l  mon i to r i ng  o f  leaks i n  t i g h t l y  i n s u l a t e d  p ipes,  t h e  leaks were detected by 

the  c e l l  sodium i o n i z a t i o n  de tec to r .  

ven t i ng  t h e  annulus between t h e  p i p e  and i n s u l a t i o n  when mon i to r i ng  by sodium 

i o n i z a t i o n  de tec to r  .is u t i l i z e d .  

There i s  no experimental evidence t h a t  t h e  sodium i o n i z a t i o n  

We suggest t h a t  cons ide ra t i on  be g i ven  t o  

We recommend t h a t  (1:) a p rese rv i ce  u l t r a s o n i c  base l i ne  i n s p e c t i o n  be performed on 

h i g h l y  s t ressed welds i n  the  pr imary heat  t r a n s p o r t  system, (2) t h a t  a s e n s i t i v e  

l eak  d e t e c t i o n  system be p rov ided  and p r e - s t a r t u p  t e s t s  be performed t o  demonstrate 

the  s e n s i t i v i t y  and r e l i a b i l i t y  o f  t h e  sodium leak  d e t e c t i o n  systems, and (3) 

systems m a t e r i a l s  i n t e g r i t y  v e r i f i c a t i o n  be prov ided p e r i o d i c a l l y  by the  examination 

o f  s h o r t  se rv i ce  l i f e  components which may be removed from the  r e a c t o r  o r  by us ing  

adequate m a t e r i a l s  s u r v e i l  lance specimens. 

5.3 Overpressure P r o t e c t i o n  

To meet t h e  requirements o f  Sub-Ar t i c l e  7300 o f  Code Case 1596-1 o f  Sect ion 111 of 

t he  ASME Code (1971), t h e  P r o j e c t  prov ided the  r e p o r t  "Overpressure P r o t e c t i o n  

Report f o r  FFTF ASME Sect ion I11 Class 1 Systems," HEDL-TC-793. 

the  Class 1 systems o f  t h e  FFTF and t h e  overpressure p r o t e c t i o n  design fea tu res  

p rov ided  f o r  t he  components i n  these systems as r e q u i r e d  by Code Case 1596-1. 

Class 1 system i s  discussed and a l l  o f  t he  components i nc luded  i n  each system have 

been analyzed t o  determine t h e  t r a n s i e n t  and opera t i ng  events t h a t  cou ld  g i v e  r i s e  

t o  above normal pressures. 

pressures have been described. 

The r e a c t o r  enclosure system, t h e  heat  t r a n s p o r t  system, t h e  c losed loop  systems, 

t h e  a u x i l i a r y  l i q u i d  metal system, t h e  i n e r t  gas r e c e i v i n g  and process ing system, 

and t h e  i m p u r i t y  mon f to r i ng  and a n a l y s i s  system comprise t h e  Class I f l u i d  systems 

o f  t h e  FFTF p l a n t .  The purpose o f  t h e  overpressure p r o t e c t i o n  devices p rov ided  i n  

t h e  design o f  these systems i s ' t o  p reven t  damage t o  components o f  l i q u i d  metal 

systems and gas systems. Where requ i red ,  p r o v i s i o n s  have been made e i t h e r '  t o  

r e l i e v e  gas pressure by devices o r  t o  apply  inst rumented c o n t r o l s  o r  i n t e r l o c k s  t o  

ensure t h a t  t he  pres3ure 'o f  a system does;n$t exceed t h e  design pressure f o r  any 

component. 

overpressure prot,ect ion. 

r e l i e f  va lves and rup tu re  d isks.  

system pressure and l i m i t  t h e  maximum pressure o f  t h e  l i q u i d  sodium coo lan t  t o  an 

acceptable l e v e l  a f t e r  an i n i t i a t i n g  event. 

f o l l o w i n g  automatics c o n t r o l  systems: 

pump vo l tage  l i m i t e r s ,  heater  i n t e r l o c k s ,  and l i q u i d  metal p r o x i m i t y  de tec to rs .  

Th i s  r e p o r t  def ines 

Each 

The design measures taken t o  con ta in  o r  r e l i e v e  these 

Two types o f  r e l i e f  devices have been p rov ided  i n  t h e  FFTF design f o r  

One t ype  r e l i e v e s  pressure d i r e c t l y  through gas pressure 

The o t h e r  t ype  uses i n d i r e c t  means t o  c o n t r o l  t h e  

Th is  second t ype  c o n s i s t s  o f  t h e  

va l ve  c losu re  t ime  l i m i t e r s ,  e lect romagent ic  
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As specified by Code Case 1596-1, the following categories of potential pressure- 
producing events were considered in the design of overpressure protection for the 
FFTF: 
leaks, pressure surges, and operator error. 
of this Code Case in HEDL-TC-793, >consider that portion of the primary coolant 
boundary in each of the three heat transport system loops from the primary pump 
discharge nozzle downstream to the core support plate ring in the lower portion of 
the reactor vessel. This portion of the primary coolant boundary is designed to a 
pressure of 225 psig. 
crossover piping of the hot leg. The maximum anticipated pressure to which this 
component could be subjected is 218 psig caused by an increase in pump speed due 
to a contro1,system malfunction. This maximum anticipated pressure is below the 
design pressure for the components. 

heating of an isolated fluid, abnormal pump operation, argon system failure, 
A s  an illustration of the application 

Included in this region is the highly-stressed 16-inch 

The results of the analyses of all of the components in the FFTF Class I fluid 
systems indicate that the maximum anticipated pressures would either be less than 

of the design pressure. 
,the design pressures or else would not exceed the allowable Code value of 110 percent 

Based on our review of HEDL-TC-793, we conclude that the FFTF overpressure protection 
design is acceptable. 

5.4 Surveillance and Inservice Inspection 

The objective of the surveillance and inservice program is to ensure the integrity 
of the components in the reactor coolant pressure boundary whose failure would 
either result in a release of radioactivity to the environment or adversely affect 
the ability to cool the reactor. The surveillance and inservice inspection program 
proposed by the Project in the Final Safety Analysis Report and HEDL-TME 72-106, 
Revision 3, "Fast Flux Test Facility Coupon Surveillance Program'' emphasizes sodium 
leak detection and visual examination methods for continuous monitoring in order to 
identify and locate deterioration of integrity of components in the heat transport 
system. 

In addition, a program was described to develop an ultrasonic capability for the 
volumetric inspection of selected welds in the primary heat transport system. 
Project at that time proposed to include the volumetric examination of six highly 
stressed welds in the primary heat transport system (two welds in each primary loop) 
in the event that the ultrasonic development program was successful. 

The 

The surveillance and inservice inspection program proposed at that time was divided 
into two phases: 
maintenance. 

(1) systems design verification, and (2) plant operation and 
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5.4.1 

G 

5.4.2 

5.4.2.1 

Design V e r i f i c a t i o n  Tes t  Program 

Preserv ice s u r v e i l l a n c e  and i n s e r v i c e  i nspec t i on  requirements are scheduled t o  be 

performed d u r i n g  design v e r i f i c a t i o n  and acceptance t e s t i n g .  

t e s t i n g  o f  t h e  assembled r e a c t o r  and reac to r  coo lan t  pressure boundary w i l l  be 

performed a t  ambient temperature t o  demonstrate the  s t r u c t u r a l  i n t e g r i t y  of t h e  

welds and seals  i n  t h e  va r ious  components. 

requirements o f  Sect ion I11 o f  t h e  ASME B o i l e r  and Pressure Vessel Code and w i l l  

be conducted a t  1.20 t imes t h e  designed pressure (18 p s i g  on t h e  p r imary  and 300 

p s i g  on t h e  secondary systems). 

f o rma t ion  and hel ium " s n i f f e r "  methods descr ibed i n  A r t i c l e  10, Sect ion V o f  t h e  

ASME B o i l e r  and Pressure Vessel Code. The l e a k  r a t e  should n o t  exceed 1 x l o m 5  
atm cc/sec. Dimensional checks o f  components and p i p i n g  a re  planned a t  ambient 

temperature t o  p rov ide  t h e  data base f o r  thermal expansion measurements. 

Pressure and leak  

The system pressure t e s t s  meet t h e  

The f i e l d  welds w i l l  be t e s t e d  us ing  bubble 

A f t e r  pressure t e s t i n g ,  t he  s u r v e i l l a n c e  and i n s e r v i c e  i n s p e c t i o n  program s t a t e s  

t h a t  t h e  r e a c t o r  vessel and the  p r imary  and secondary heat  t r a n s p o r t  systems w i l l  

be evacuated t o  predetermined l e v e l s .  

moni tored a t  each l e v e l .  The r e a c t o r  system w i l l  be then  i n e r t e d  w i t h  argon, and 

heated from ambient t o  r e f u e l i n g  temperature. 

w i l l  be obta ined a t  t h e  r e f u e l i n g  temperature t o  determine t h a t  hanger and snubber 

movement i s  c o r r e c t  and t h a t  proper  clearances a re  maintained. 

The r a t e  o f  pressure increase w i l l  be 

Dur ing heatup, component measurements 

The r e a c t o r  vessel and the  pr imary and secondary heat  t r a n s p o r t  systems w i l l  then 

be f i l l e d  w i t h  sodium. Dimensional checks of components and p i p i n g  a t  4OO0F, a t  

6OO0F and a t  t h e  maximum isothermal  temperature w i l l  be made f o r  comparison w i t h  

base1 i n e  dimensions t o  ensure t h a t  p i p e  and component movements due t 6  thermal 

expansion and dead weight  a re  as p red ic ted .  The check w i l l  p rov ide  a p o s i t i v e  

v e r i f i c a t i o n  o f  t he  thermal design ana lys i s .  

a t  4OO0F and the' pump tank  cover gas space p ressu r i zed  t o  100 p s i g  t o  demonstrate 
the  t i g h t n e s s  o f  t h e  p r i m a r y . i s o l a t i o n  va lves and t h e  i s o l a t a b l e  p a r t  o f  t he  loop. 

Each pr imary loop w i l l  be i s o l a t e d  

The pumps w i l l  be operated a t  design f l o w  a t  8OO0F w i t h  t h e  pr imary cover gas 

pressure a t  10 inches (water gauge) and the  secondary cover gas pressure a t  75 ps ig .  

V i b r a t i o n s  w i l l  be monitored by accelerometers. Dur ing t h e  t e s t s ,  sodium leakage 

w i l l  be detected by s u i t a b l e  de tec to rs  o r  by v i s u a l  observation., A f t e r  t h e  h igh  

temperature t e s t s ,  t he  systems w i l l  be cooled t o  4OOOF.f 'P ipe i n s u l a t i o n  w i l l  be 

removed from se lec ted  p i p e  welds i n  t h e  more h i g h l y  s t ressed reg ions  and t h e  welds 

v i s u a l l y  inspected f o r  de fec ts  and examined f o r  sodium leakage. 

Operat ion and Maintenance Test  Program 

Visual  I nspec t i on  

Closed c i r c u i t  t e l e v i s i o n  i n s p e c t i o n  o f  se lec ted  welds w i t h i n  t h e  r e a c t o r  

vessel-guard vessel annulus has been proposed f o r  a t  l e a s t  once d u r i n g  each 

s i x -yea r  per iod.  
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This inspection was to include all reactor vessel welds below the top of the guard 
vessel, the reactor vessel inlet and outlet nozzle welds, guard vessel downcomer 
nozzle welds, and the reactor vessel support arm to forging welds. In addition, 
dimensional clearance measurements between the reactor vessel and guard vessel were 
to be made when the welds were examined. 
proposes to use this device only to locate leaks. 

Periscopic inspection of selected primary heat transport piping and component welds 
within the guard vessels will be conducted at least once during each six-year period. 
The method will also be used to examine the position and condition of selected pipe 
hangers and snubbers in the primary heat transport system. 

We understand that the Project now 

Direct visual examination of selected secondary heat transport pipe welds will be 
conducted at least once during each six-year period. 
exchanger will be viewed through sight ports annually. 

The tubes in the dump heat 

5.4.2.2 Leak Detection 

Major reliance was assigned to leak detection methods by the Project as an integral 
part of the FFTF surveillance and inservice inspection program proposed to ensure the 
integrity of the components in the reactor coolant pressure boundary. Leak detection 
methods were combined with visual examination and materials surveillance to detect 
the initiation of component degradation. 
systems proposed by the Project was presented in a previous section of this report. 

Our evaluation of the leak detection 

5.4.2.3. Materials Surveillance . 
The materials surveillance program is described by the Project in HEDL-TME 72-106, 
Revision 3, "Fast Flux Test Facility Coupon Surveillance Program," December, 1975. 
Materials surveillance is an integral part of the overall FFTF surveillance and 
inservice inspection program proposed by the Project. The stated objective is to 
monitor inservice the condition of the plant components, and to detect abnormal 
behavior and material degradation in the initial phase prior to component failure. 

The program is to assess the continuing serviceability 3f critical components by 
determining the effect of the reactor environment on small test coupons which hre 
representative of the component. In summary, the components that are represented 
consist of the reactor vessel, core support structure, and the reactor internals 
for which knowledge o f  the changes in mechanical properties is considered to be 
critical to the continued safe operation of the reactor. 

The Project stated that the program will be conducted in accordance with the intent 
o f  ASTM E-185-73, "Surveillance Tests for Nuclear Reactor Vessels. I' .Coupons of the 
actual materials of construction will be used to monitor the response of the component 
to the environmental service conditions. The coupons will be suitahle for determining 
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e f f e c t s  o f  i r r a d i a t i o n  and environment on mechanical and phys i ca l  p r o p e r t i e s .  The 

coupons w i l l  be l oca ted  w i t h i n  the  r e a c t o r  vessel so t h a t  t h e  temperature and 

neutron spec t ra  d u p l i c a t e  as c l o s e l y  as p o s s i b l e  t h a t  o f  t h e  component. 

i n  the  program i s  t h e  accurate and d e t a i l e d  mon i to r i ng  o f  neutron f l uence  and 

spect ra,  temperature and mass t r a n s f e r  phenomenon. 

Inhe ren t  

t 

Since t h e  major mechanical p roper t y  o f  i n t e r e s t  i n  the  r e a c t o r  s t r u c t u r e  i s  d u c t i l i t y ,  

t he  p r i n c i p a l  t ype  o f  s u r v e i l l a n c e  coupons i n  t h e  program i s  e i t h e r  standard o r  

notched t e n s i l e  specimens o f  Type 304 s t a i n l e s s  s t e e l .  

t he  m a j o r i t y  o f  t e s t s  w i l l  be conducted on standard t e n s i l e  specimens. 

o f  t he  t ype  and c o n d i t i o n  o f  t e s t s ,  t h e  discharge schedule, and the  number o f  

coupons r e q u i r e d  are shown i n  ASTM E-185-73 i n  Tables 111-1, 111-2a through 111-2k, 

111-3a through I I I - 3 k ,  and 111-4a through 111-4k. 

R e f e r r i n g  t o  t h e  program, 

A summary 

The program descr ibed by the  P r o j e c t  i.s d e f i c i e n t  i n  t e s t s  on the  t e n s i l e  p r o p e r t i e s  

o f  Type 308 weld metal and Types 316 and 16-8-2 s t a i n l e s s  s t e e l  p l a t e ,  welds and 

heat a f f e c t e d  zones. 

t h e  f r a c t u r e  toughness p r o p e r t i e s  o f  s t r u c t u r a l  m a t e r i a l s  i n  s t a i n l e s s  s t e e l  

components as a f u n c t i o n  o f  se rv i ce  cond i t i ons ;  t h a t  i s ,  Types 304, 304H, 316, and 

316H s t a i n l e s s  s t e e l s  and t h e  corresponding weld ma te r ia l s .  

t h a t  methods a re  c u r r e n t l y  be ing i n v e s t i g a t e d  f o r  e l a s t i c - p l a s t i c  analyses and 

p r e d i c t i o n  o f  f a i l u r e  i n  f lawed s t ruc tu res .  The analyses, i n c l u d i n g  J - i n t e g r a l  and 

equ iva len t  energy, genera l l y  employ sub-size l i n e a r  e l a s t i c  f r a c t u r e  mechanics 

compact t e n s i o n  specimens which f a i l  i n  t h e  wedge opening mode. I n  a d d i t i o n  t o  t h e  

e f f e c t  o f  temperature, sodium, and i r r a d i a t i o n  environment on t h e  p l a s t i c  notch 

toughness, i n f o r m a t i o n  would be obta ined from t h i s  t ype  specimen t o  i nc lude  slow 

crack growth and p l a s t i c  i n s t a b i l i t y ,  notch r e s i d u a l  s t r a i n  f i e l d  m e t a l l u r g i c a l  

s t a b i l i t y ,  f r a c t u r e  res i s tance  curves and f a t i g u e  crack propagation. Commitment t o  
use compact tens ion  specimens i n  the  m a t e r i a l s  s u r v e i l l a n c e  program was n o t  made. 

The P r o j e c t  s t a t e d  t h a t  s u r v e i l l a n c e  o f  c r i t i c a l  components by'use o f  compact 

tens ion  specimens would be performed "where approp r ia te  and supplemented a t  t h e  

d i s c r e t i o n  o f  t h e  p r o j e c t  engineer.' '  

I n  a d d i t i o n ,  t h e  program i s  d e f i c i e n t  i n  t e s t s  which measure 

The P r o j e c t  s t a t e d  

) I  

5.4.3 Eva lua t i on  o f  M a t e r i a l s  Su rve i l l ance  and I n s e r v i c e  I n s p e c t i o n  
I '  

General Design C r i t e r i o n  32, " Inspec t i on  o f  Reactor Coolant Pressure Boundary," 

requ i res  t h a t  components which a r e  p a r t  o f  t h e  r e a c t o r * c o o l a n t  pressure boundary be 

designed t o  p e r m i t  p e r i o d i c  i n s p e c t i o n  and t e s t i n g  o f  impor tan t  areas and fea tu res  

t o  assess t h e i r  s t r u c t u r a l  and l e a k t i g h t  i n t e g r i t y .  

The P r o j e c t  has p rov ided  access f o r  t h e - i n s p e c t i o n  o f  se lec ted  c r i t i c a l  welds i n  

the  heat t r a n s p o r t  system. 

access ib le  f o r  v i s u a l  examination. It i s  our  judgment t h a t  n e i t h e r  sodium l e a k  

d e t e c t i o n  nor  visual, examination p rov ide  an equ iva len t  degree o f  r e l i a b i l i t y  t o  

vo lumet r i c  i n s p e c t i o n  f o r  t h e  d e t e c t i o n  o f  growth o f  a de fec t  i n  a f lawed s t r u c t u r e .  

The m a j o r i t y  o f  welds i n  t h e  r e a c t o r  vessel a re  
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5. 

The methods proposed by t h e  P r o j e c t  i n d i c a t e  o n l y  through w a l l  defects  which would 

i n i t i a t e  r e a c t o r  shutdown. 

The m a t e r i a l s  s u r v e i l l a n c e  program i s  weighted w i t h  t e n s i l e  specimens t o  measure 

t h e  l o s s  o f  d u c t i l i t y  as a f u n c t i o n  o f  environmental cond i t i ons  o f  m a t e r i a l s  i n  the  

r e a c t o r  vessel and i n t e r n a l  components. Appendix G, "F rac tu re  Toughness Require- 

ments," and Appendix H, "Reactor Vessel M a t e r i a l  Su rve i l l ance  Program Requirements," 

o f  10 CFR P a r t  50, and ASTM E-185-73, "Recommended P r a c t i c e  f o r  Su rve i l l ance  Tests 

f o r  Nuclear Reactor Vessels," p rov ide  guidance f o r  t h e  mon i to r i ng  o f  t he  f r a c t u r e  

toughness proper t i%es o f  t h e  r e a c t o r  vessel and i n t e r n a l  components. Although a 

l i m i t e d  number o f  compact tens ion  specimens i s  i nc luded  i n  the  m a t e r i a l s  s u r v e i l -  

lance program, i t  i s  our  judgment t h a t  g rea te r  emphasis should be p laced i n  the  

program on mon i to r i ng  t h e  f r a c t u r e  toughness o f  m a t e r i a l s  i n  the  r e a c t o r  coo lan t  

pressure boundary. 

4 Recommendations 
5.4.4.1 Leak Detection 

Since con tac t  de tec to rs  have n o t  been v a l i d a t e d  f o r  r e l i a b i l i t y  by p r o t o t y p i c a l  

t e s t  data, we recommend t h e  i n s t a l l a t i o n  o f  t he  more s e n s i t i v e  aerosol t ype  sodium 

l e a k  de tec to rs  i n  c e r t a i n  sec t i ons  o f  t h e  r e a c t o r  coo lan t  pressure boundary. It i s  

recommended t h a t  t h e  sodium i o n i z a t i o n  and d i f f e r e n t i a l  pressure de tec to r  systems 

be i n s t a l l e d  (1) over  t h e  i n l e t  p i p e  between t h e  r e a c t o r  vessel and the  guard 

vessel and (2) near t h e  two h i g h l y  s t ressed welds i n  t h e  crossover p i p e  i n  t h e  

e leva ted  s e c t i o n i o f  t h e  heat  t r a n s p o r t  system. Furthermore, t h e r e  should be i n t e r -  

connec t ion  f o r  aerosol  d i spe rs ion  between the  p i p e  supports i n  t h e  i n s u l a t i o n  i n  

t h e  l a t t e r  area. The recommendations apply  t o  each o f  t h e  t h r e e  p r imary  sodium 

loops. 

5.4.4.2 M a t e r i a l  Su rve i l l ance  

The t h r u s t  o f  t h e  P r o j e c t ' s  m a t e r i a l  s u r v e i l l a n c e  program i s  t o  de tec t  a decrease 

i n  t h e  s e r v i c e  t e n s i l e  d u c t i l i t y  o f  Type 304 s t a i n l e s s  s t e e l ,  t h e  major s t r u c t u r a l  

m a t e r i a l  i n  t h e  r e a c t o r  vessel. 

des ign t o  l i m i t  component l i f e  i s  an est imate o f  m a t e r i a l  d u c t i l i t y ,  i t  i s  recommended 

t h a t  t h e  number o f  compact tens ion  specimens i n  t h e  program be increased t o  moni tor  

t h e  change i n  f r a c t u r e  toughness o f  m a t e r i a l s  i n  t h e  r e a c t o r  coo lan t  pressure 

boundary. 

compact t e n s i o n  specimens o f  Types 304H, 316 and 316H s t a i n l e s s  s t e e l s  and t h e i r  

corresponding weld m a t e r i a l s  f o r  J - i n t e g r a l  measurements. Inconel  718 should be 

i nc luded  i n  t h e  program. 

should be measured as a f u n c t i o n  o f  f luence.  The e f f e c t  o f  o t h e r  environmental 

condition's on f r a c t u r e  toughness, such as thermal and mass t r a n s f e r  e f f e c t s ,  which 

may n o t  be s t r o n g l y  r e l a t e d  t o  f luence,  may be measured on ou t  o f  r e a c t o r  specimens, 

documented, b u t  i nc luded  as j u s t i f i c a t i o n  as p a r t  o f  t h e  r e v i s e d  program. 

Although t h e  p r o p e r t y  used i n  t h e  FFTF r e a c t o r  

I n  a d d i t i o n  t o  Type 304 s t a i n l e s s  s t e e l ,  t h e  program should i nc lude  

The change i n  f r a c t u r e  toughness o f  these m a t e r i a l s  

The 
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program should Inc lude  t e s t s  t h a t  w l l l  be conducted on sho r t -  

a re  t o  be removed from t h e  reac to r .  

5.4.4.3 Preserv lce Inspec t l on  

The P r o j e c t  proposed t o  Inc lude  t h e  vo lumet r l c  examinatlon o f  

5 . 5  

I ved  components whlch 

SIX h l g h l y  s t ressed 

welds I n  t h e  p r lmary  heat  t r a n s p o r t  system I n  t h e  event  t h a t  t h e  u l t r a s o n l c  develop- 

ment program was successful. It i s  recommended t h a t  t h e  two welds i n  each loop be 

u l t r a n s o n l c a l l y  t e s t e d  as p a r t  o f  t h e  opera t l on  and malntenance t e s t  program. The 

welds should be t e s t e d  (1) a t  amblent temperature be fo re  hea t ing  the  loops and (2) 

a t  400'F b o t h  be fo re  and a f t e r  sodlum f i l l .  

I s  recommended for reco rd  purposes and t o  ensure weld I n t e g r l t y .  

The vo lumet r l c  p rese rv l ce  l n s p e c t l o n  

Decay Heat Removal System 

The FFTF P r o j e c t  has proposed t h a t ,  f o l l o w i n g  a r e a c t o r  shutdown, decay heat  be 

removed from the  FFTF core v i a  the  same heat  t r a n s p o r t  paths t h a t  a re  used f o r  heat 

removal d u r l  ng normal r e a c t o r  operat ion.  

Decay heat  w l l l  be t r a n s f e r r e d  from t h e  f u e l  elements t o  t h e  pr imary l i q u l d  sodium 

coo lan t .  The sodlum coo lan t  I s  c i r c u l a t e d  through the  th ree  p a r a l l e l  pr lmary heat  

t r a n s p o r t  loops where t h e  heat  I s  exchanged through t h e  In te rmed la te  heat  exchangers 

(one pe r  loop) t o  t h e  secondary sodlum coo lan t  f o r  u l t i m a t e  r e j e c t l o n  through 

sodlum-to-a i r  dump heat  exchanger modules ( f o u r  pe r  loop)  t o  t h e  atmosphere. 

Slnce t h e  system components used t o  t r a n s p o r t  t h e  decay heat  from t h e  core t o  t h e  

atmosphere a re  t h e  i d e n t i c a l  components used f o r  heat  t r a n s p o r t  d u r i n g  normal 

r e a c t o r  operat ion,  t h e  decay heat  removal system I s  n o t  a t o t a l l y  redundant system. 

Some redundancy does e x l s t ,  however, i n  t h a t  t he  t h r e e  secondary sodium loops, each 
w i t h  i t s  assoc iated dump heat exchanger modules, a r e  d l s t i n c t l y  separate from one 
another. 

a re  themselves redundant. 

o f  core f l o w  o f  such a' l a  magnltude t h a t  t h e - e n t l r e  p r imary  system f l o w  I s  

Impacted, a s u f f l c l e n t  degree o f  t i owpa th  reuundancy f o r  e f f e c t i v e  decay heat  

removal e x i s t s  wi th in  the  heat  t r a n s p o r t  system. 

Funct ional  d i v e r s i t y  a l s o  e x l s t s  s lnce  each p r imary  and secondary l oop  main sodlum 

pump I s  equipped w i t h  a small  PO 

f rom t h a t  of t h e  main pump motor 

I n d i c a t e s  t h a t  s u f f l c l e n t  decay h e a t  removal c a p a b l l l t y  e x i s t s  w l t h  pony motor f l o w  

I n  o n l y  one o f  t h e  t h r e e  heat  t r a n s p o r t  system loops  ( l . e . ,  one p r lmary  l oop  and 

I t s  assoc lated secondary loop). Furthermore, since. It I s  poss ib le  t o  l ose  a l l  main 

and pony motor power supp l l es  under tornado cond l t l ons ,  t h e  P r o j e c t  has proposed 

t h a t  n a t u r a l  convect lon and n a t u r a l  c i r c u l a t l o n  be r e l l e d  upon f o r  decay heat  

removal I n  t h e  event  o f  a r e a c t o r  shutdown w l th  a t o t a l  l o s s  o f  pump mot ive power. 

Moreover, w l t h i n  each- secondary loop, t h e  f o u r  dump heat  exchanger modules 

Thus: b a r r i n g  a major p r lmary  sodlum loss o r  t h e  blockage 

I 

o t o r  whlch has-a power supply t h a t  I s  independent 

he P r o j e c t  has performed a n ' a n a l y s l s  whlch 
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We and our  consu l tan ts  have reviewed t h e  proposed method f o r  decay heat removal 

under fo rced  c i r c u l a t i o n  cond i t i ons .  

The a c c e p t a b i l i t y  o f  r e l y i n g  on n a t u r a l  c i r c u l a t i o n  i s  dependent on t h e  s a t i s f a c t o r y  

demonstrat ion o f  n a t u r a l  c i r c u l a t i o n  heat  removal c a p a b i l i t y  d u r i n g  t h e  Na tu ra l  

C i r c u l a t i o n  V e r i f i c a t i o n  Test Program (see Sect ion 14.2 o f  t h i s  r e p o r t  f o r  a d e t a i l e d  

d e s c r i p t i o n  o f  t he  t e s t  program). 

show adequate heat  removal c a p a b i l i t y  under n a t u r a l  c i r c u l a t i o n  cond i t i ons ,  we 

recommend t h a t  t h e  e l e c t r i c  power suppl ies t o  the  pony motors be enclosed i n  a 

tornado m i s s i l e  hardened b u i l d i n g  and t h a t  t h e  necessary c i r c u i t r y  and components 

be upgraded t o  s a t i s f y  the  requirements f o r  a Class I E  system. 

Should t h e  FFTF heat  t r a n s p o r t  system f a i l  t o  

Based on our  review, we would make severa l  recommendations regard ing t h e  f u n c t i o n a l  

performance of t he  decay heat  removal system i f  the  fo rced  c i r c u l a t i o n  mode i s  

requ i red  f o r  decay heat  removal. We a re  concerned about t h e  c a p a b i l i t y  o f  t h e  

pr imary and secondary sodium pumps t o  r u n  con t inuous ly  a t  pony motor speed w i t h o u t  

any fo rced  l u b r i c a t i o n ,  o r  c o o l i n g  o f  t h e  pump l u b r i c a n t .  

necessary t o  assure e f f e c t i v e  long-term decay heat  removal i n  t h e  fo rced  c i r c u l a t i o n  
mode. 

we b e l i e v e  t h a t  t he  t e s t  data prov ided by t h e  P r o j e c t  f o r  j u s t i f i c a t i o n  do n o t  f u l l y  

suppor t  t h i s  claim. 

under long-term, fo rced  c i r c u l a t i o n  decay heat  removal cond i t i ons  i n  sodium t o  

con f i rm  t h a t  t h e  sodium pumps can indeed r u n  con t inuous ly  a t  pony motor speed w i thou t  

f o rced  l u b r i c a t i o n .  

This  c a p a b i l i t y  i s  

Although t h e  P r o j e c t  has claimed t h a t  t h e  sodium pumps have t h i s  c a p a b i l i t y ,  

Consequently, we recommend t h a t  a t e s t  program be conducted 
' 

We have reviewed t h e  a b i l i t y  o f  t h e  heat  t r a n s p o r t  system t o  remove decay heat  from 

the  core f o l l o w i n g  a r e a c t o r  shutdown. 

reduc t i on  events i d e n t i f i e d  i n  Sect ion 15.1.3 o f  t h e  F i n a l  Sa fe ty  Analys is  Report 

as w e l l  as p l a n t  t r a n s i e n t s  i n i t i a t e d  by n a t u r a l  phenomena, such as t o r n a d i c  and 

seismic events. The analyses o f  these events were performed us ing  computer codes 

which a re  e s s e n t i a l l y  u n v e r i f i e d .  

these computer codes a r e  presented i n  Sect ions 4.4.6 and 14.2 o f  t h i s  repo r t .  

Condi t ioned on adequate code v e r i f i c a t i o n ,  we conclude t h a t  t h e  FFTF design prov ides 

f o r  s u f f i c i e n t  decay heat  removal f o l l o w i n g  t h e  heat  reduc t i on  events i d e n t i f i e d  i n  

Sec t i on  15.1.3 o f  t h e  F i n a l  Safety  Analys is  Report t o  prec lude f u e l  damage i n  

excess o f  t h e  s p e c i f i e d  l i m i t s .  

Th i s  rev iew inc luded  t h e  heat  removal 

Our recommendations f o r  adequate v e r i f i c a t i o n  o f  

Regarding p l a n t  t r a n s i e n t s  i n i t i a t e d  by n a t u r a l  phenomena, t h e  P r o j e c t  and t h e  s t a f f  

agree t h a t  p o t e n t i a l l y  t h e  most severe heat  t r a n s p o r t  system t r a n s i e n t  i s  assoc iated 

w i t h  a tornado event  which causes the  l o s s  o f  i n t e g r i t y  o f  t h e  two non-tornado 

m i s s i l e  hardened secondary loops ( loops 2 and 3) and a t o t a l  l o s s  o f  a l l  pump mot ive 

power. I n  a d d i t i o n ,  t he  P r o j e c t  has submi t ted a r e p o r t  which i nc luded  an ana lys i s  

o f  FFTF n a t u r a l  c i r c u l a t i o n  behavior  under tornado cond i t i ons .  The ana lys i s ,  us ing  

u n v e r i f i e d  computer codes, i n d i c a t e d  an acceptable core thermal t r a n s i e n t  f o r  t h i s  

event. 
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Also included in the report were the analyses of contrived cases in which the pony 
motors do not all fail immediately from the tornado effects but rather fail in a 
staggered manner. 
sodium coolant temperatures than were calculated to occur for the case which assumed 
immediate failure of the pony motor power supply, indicating inadequate decay heat 
removal capability. We conclude that it is possible that power to the pony motors 
may indeed be lost a short time after the rupture of the unhardened secondary loops 
following a tornado event, giving rise t o  a more severe core thermal transient than 
would an immediate power loss. 
shutdown status whenever meteorological conditions in the site vicinity are conducive 
to spawning a tornado. 
issue and recommended implementation o f  this proposal. 

These contrived cases resulted in significantly higher primary 

The Project has proposed to bring the plant to a 

We conclude that this is an acceptable resolution of the 
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6.0 ENGINEERED SAFETY FEATURES 

6.1 Summary Description 

Engineered safety features are those structures, systems and components included 
in a given design to mitigate the consequences of design basis accidents. 
case of the FFTF a residual risk is associated with low probability events such as 
the hypothetical core disruptive accident. The principal engineered safety features 
in the FFTF are the containment vessel, substructure, containment isolation system, 
piping integrity-leak detection system and control room habitability system. 
These features are discussed in the following sections. 
included because of their importance to plant safety, even though they are not 
strictly classified as an engineered safety feature. 

In the 

Cell liners are also 

6.2 Containment System 

The containment system for the FFTF includes the upper containment steel shell 
structure, concrete substructure including steel cell liners, building heating and 
ventilating system, containment isolation system and provisions for leak rate 
testing. 

6 . 2 . 1  Containment Functional Design 

The FFTF containment building is a cylindrical carbon steel pressure vessel (186 

feet 8 inches high by 135 feet diameter by 1-3/8 inches thick) with a 
hemi-ellipsoidal top and bottom head and is designed as a seismic Category I 
structure and to the requirements of Subsection B of the ASME Boiler and Pressure 
Vessel Code, Section 111. The portion below grade level is sandwiched in concrete, 
while above grade the exterior steel surface is insulated with a non-flammable 
material. 
The design basis internal pressure for the containment building is 10 psig at 
25OoF, and the maximum allowable leakage rate is 0.1 volume Dercent per day at the 
design pressure. Below the operating floor, the steel containment vessel is 
compartmentalized, consisting of reinforced concrete cells which contain the 
reactor vessel, the primary heat transport system equipment, -and the auxiliary 
liquid metal system equipment. 
filled with inert gas (N2 - 1% 02> to mitigate the extent of sodium combustion 
with oxygen and are lined with a steel membrane to contain the inert gas as well 
as protect the concrete in the event of an accidental sodium leak. The reactor 
cavity which houses the reactor vessel is lined with steel plate attached to steel 
embedments and is designed for one transient of 35 psig of internal pressure from 

6 The net free volume above the operating floor is 1 . 5  x 10 cubic feet. 

All cells containing primary sodium equipment are 
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a sodium s p i l l .  
l iqu id  metal system c e l l s  within the  containment a re  a l so  l ined with s t ee l  p l a t e  
and are  designed f o r  12  psig a t  150eF and 10 psig a t  250eF resu l t ing  from a sodium 

The primary heat t ranspor t  system c e l l s  and other  auxi l ia ry  

s p i l l .  

The FFTF Project  cont rac tors  have taken the  following measures in  the  design and 
fabr ica t ion  of primary sodium systems so there  i s  a low l ikel ihood o f  sodium 
re lease  accidents: 

Pipes and f i t t i n g s  f o r  sodium serv ice  a re  o f  seamless construct ion w 
penetrat ion b u t t  welded j o i n t s .  

A l l  sodium containing mater ia ls  a r e  of a u s t e n i t i c  s t a i n l e s s  s t ee l  wh 

precludes " b r i t t l e  f a i l u r e . "  

System operating pressures  a re  low i n  the  range o f  225 psig o r  less .  
atmospheres a re  provided I n  areas  containing primary sodium. 

t h  f u l l  

ch 

Ine r t  

Leak de tec tors  a re  provided t o  give ea r ly  warning o f  leaks. 
de tec tors  a re  being used in  the  FFTF. 

type ,  sodium ionizat ion de tec tors ,  f i l t e r  de tec tors ,  and c e l l  rad ia t ion  
monitors. 

Four types o f  

These a re  e l e c t r i c a l  conduct ivi ty  

All sodium piping and equipment a re  covered by metal-clad ( ex te r io r  jacke t )  
insu la t ion .  

Outer guard vessels  and d r ip  pans t o  confine sodium a re  located i n  spec i f i c  
areas .  

The  i n e r t  gas processing system i s  designed t o  minimlze degradation o f  l iqu id  
metal systems from high oxygen and/or water vapor concentrations around the  
radioact ive sodium system. 

The accidents  which represent  the  pr incipal  challenges t o  t h e  FFTF containment a r e  
sodium f i r e s .  
o f  sodium from the  primary heat t ranspor t  system equipment. 
r e l ease ,  combustion w i t h  the  oxygen i n  the c e l l  atmosphere occurs resu l t ing  in  
increasing c e l l  pressures  and temperatures. 
local system pressures ,  two types o f  sodium f i r e s  a r e  poss ib le ,  namely spray and 

These f i r e s  r e s u l t  from unexpected f a i l u r e  and subsequent re lease  
Following sodium 

Depending on the  type o f  break and 

pool. 

In order t o  s a t i s f y  General Design C r i t e r i a  16 and 50 o f  Appendix A ,  10 CFR Part  
50, the  containment deslgn bas i s ,  including t h e  inner c e l l  system, m u s t  be based 
on considering a spectrum o f  postulated component and piplng f a i l u r e s  o f  d i f f e r e n t  
s i z e s ,  locat ions and other  proper t ies  s u f f i c i e n t  t o  provide assurance t h a t  t he  
e n t i r e  spectrum o f  postulated sodium f i r e  accidents  i s  covered. 
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The FFTF Project  contractors  have performed analyses reported i n  Chapter 15.2.4 o f  

the  Final Safety Analysis Report and described in de t a i l  i n  Ref. 1 regarding the  
containment pressures and temperatures resu l t ing  from consideration o f  a spectrum 
o f  sodium spray and pool f i r e s .  
SPRAY-2 computer code,2 and pool f i r e  analyses were performed using the  SOFIRE-If 
computer code.3 These codes account f o r  mass and energy re lease  r a t e s ,  as well as  
s t ruc tu ra l  heat s inks ,  t o  ca lcu la te  fhe containment pressure and temperature 
response f o r  postulated equipment wall breaks resu l t ing  I n  a sodium spray and/or 
pool f i r e .  

Spray f i r e  analyses were performed using the  

The FFTF Project  cont rac tors  have determined t h a t  19.8 psig I s  the  highest  t r ans i en t  
inner c e l l  pressure.  This peak pressure pulse r e s u l t s  from a 1 f t  pipe break a t  
t he  intermediate heat exchanger i n l e t  causing a spray re lease  o f  1050eF sodium 
in to  t h e  lner ted  primary heat t ransport  system c e l l .  The peak c e l l  gas temperature 
was found t o  be 92PF.  
long-term pressure load o f  10 pslg a t  250eF, the  Project  concludes t h a t  su f f i c i en t  
s t ruc tu ra l  margin e x i s t s  t o  accommodate the  calculated higher short-term pressure 
pulse. The FFTF Project  contractors  found in  Section 15.2.4.1.1 o f  the  Final 
Safety Analysis Report t h a t  the  accident which resu l ted  In the  highest  reac tor  
containment building peak pressure o f  1.7 psig corresponded t o  a s p i l l  o f  25,000 
pounds o f  sodium in to  a primary heat t r ans fe r  system ce l l  during maintenance while 
the  reac tor  i s  shut  down (sodium temperature i s  400eF), and the  c e l l  I s  open t o  
t he  upper containment a i r  atmosphere through three  access hatches whose areas  a re  
90, 60 and 84 f t  . For these three  openings, the  Project  represented the equivalent 
s ing le  194 f t  opening w i t h  an equivalent (root-mean-square value) diameter o f  

6.41 f ee t .  This representat ion was found t o  be incor rec t  and should be 9.07 f ee t .  
The reac tor  containment building peak she l l  temperature was found t o  be 194eF. 
Based on these r e s u l t s ,  the  Project  concludes t h a t  the  calculated reactor  contain- 
ment building maximum pressures resu l t ing  from postulated design bas is  sodium 
re lease  accidents  a re  within the containment vessel s t ruc tu ra l  design pressure 
capabi l i ty  o f  10 pslg a t  250eF. 

2 

Since the  inner containment c e l l s  a r e  designed f o r  a 

2 
2 

We have reviewed the  SPRAY and SOFIRE computer codes and have determined t h a t  the 
assumptions and analyses methods a re  reasonably conservative. 

We and our consul tants  have a l so  performed analyses t o  determine the  pressurizat ion 
o f  the  inner containment c e l l s  and the  reac tor  containment building resu l t ing  from 
a wide spectrum o f  postulated sodium re lease  accidents. 
and ca lcu la t ions  a re  presented i n  Ref.4. 
pressures  occur i n  the  primary heat t ranspbr t  system c e l l  f o r  pipe breaks a t  t he  
intermediate heat exchanger i n l e t  because the  sodium pressures and temperatures 
a re  highest  a t  t h i s  locat ion.  While the  Project  used one r e l a t ive ly  large var iable  

2 r a t e  o f  leakage corresponding t o  a 1 f t  pipe break, we used a spectrum o f  constant 
leak r a t e s  p.rior t o  I n i t i a t i o n  o f  primary sodium pump t r i p .  Considering an opera- 
t i v e  sodium pump p lan t  protect ion t r i p  when the  reac tor  vessel sodium level  f a l l s  

The d e t a i l s  o f  our  analyses 
We a l so  f ind  t h a t  the  highest  ce l l  
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6 inches i n  70.8 seconds r e s u l t s  i n  a peak c e l l  pressure o f  16 p s i g  a t  100l lbs/sec 
2 constant  l eak  r a t e  ( l e a k  area i s  3.0 i n  ). 

p o r t  system c e l l  atmosphere peak temperature was determined t o  be 744OF and t h e  

corresponding s t e e l  l i n e r  temperature i n  t h e  gas space was found t o  be 134OF. 

cons ide r ing  a spectrum o f  l eak  ra tes ,  i t  was found t h a t  small leaks i n  t h e  range 

o f  100 t o  150 lb/sec g i v e  r a t h e r  h igh  c e l l  pressures because they r e s u l t  i n  l onger  

spray du ra t i ons  w i t h o u t  pump t r i p  which l ead  t o  temperature-pressure t r a n s i e n t s  

t h a t  are more severe than  some o f  t h e  instantaneous l a r g e r  breaks, which have 

sho r te r  spray du ra t i on .  The worst  conceivable break, a double-ended break a t  t h e  

i n te rmed ia te  heat  exchanger i n l e t ,  produced a pr imary heat  t r a n s p o r t  system c e l l  

pressure o f  20 ps ig .  

phere peak temperature was determined t o  be 891OF and t h e  corresponding s t e e l  

l i n e r  temperature i n  t h e  gas space was found t o  be 126OFi 

t h e  peak c e l l  pressure was determined t o  be 10 p s i g  r e s u l t i n g  from a 1 f t  break 

a t  t h e  t o p  o f  t h e  c o l d  l e g  i n l e t  downcomer p i p i n g  a t  t h e  r e a c t o r  vessel. 

corresponding r e a c t o r  c a v i t y  peak atmosphere temperature was found t o  be 527OF. 

The corresponding pr imary heat  t rans -  

By 

The corresponding p r imary  heat  t r a n s p o r t  system c e l l  atmos- 

For the  r e a c t o r  c a v i t y ,  
2 

The 

Dur ing  maintenance w h i l e  t h e  r e a c t o r  i s  shut  down and t h e  sodium i s  mainta ined a t  
a temperature o f  4OO0F, we analyzed a spectrum o f  l a r g e  sodium s p i l l s  i n  t h e  

p r imary  heat  t r a n s p o r t  system c e l l s  assuming t h a t  t h e r e  i s  communication from the  

c e l l  t o  the  containment b u i l d i n g  atmosphere through an access hatch. f o r  a t o t a l  

access opening o f  194 f t  o r  an opening diameter o f  15.7 f e e t ,  t h e  peak conta in-  

ment b u i l d i n g  pressure was determined t o  be 5 ps ig .  

peak s h e l l  temperature was found t o  be 253OF. These r e s u l t s  show h ighe r  gas 

pressures and temperatures than those o f  t h e  P r o j e c t  because o f  t h e  use o f  a 

l a r g e r  va lue f o r  t h e  opening diameter. 

2 

The corresponding containment 

Wi th respec t  t o  i n n e r  containment c e l l s  c o n t a i n i n g  sodium and NaK a u x i l i a r y  equip- 

ment, these a u x i l i a r y  systems a r e  operated a t  lower temperatures and pressures 

than  the  p r imary  heat  branspor t  system; the re fo re ,  t h e  consequences o f  leakage a re  

l ess  severe i n  t h e  a u x i l i a r y  equipment c e l l s .  

Based on the  r e s u l t s  o f  ou r  independent parametr ic  ana lys i s ,  we conclude t h a t  t he  

containment design pressure i s  acceptable f o r  sodium s p i l l  acc idents  o c c u r r i n g  

d u r i n g  maintenance a c t i v i t i e s  where t h e  sodium i s  a t  r e l a t i v e l y  low temperatures 

(% 40OOF). 

t r a n s p o r t  system c e l l s  would experience i n t e r n a l  pressures g rea te r  than t h e i r  

des ign va lue f o r  a range o f  p i p e  breaks as p r e v i o u s l y  discussed. The P r o j e c t  has 

r e c e n t l y  p rov ided  t h e  s t a f f  w i t h  a s t r u c t u r a l  eva lua t i on  which concludes t h a t  t he  

i n n e r  c e l l s  can w i ths tand  i n t e r n a l  pressures as h i g h  as 26 p s i g  which i s  above t h e  

shor t - term peak pressure (20 p s i g )  c a l c u l a t e d  by t h e  s t a f f .  

s u f f i c i e n t  t ime  t o  evaluate the  P r o j e c t ' s  s t r u c t u r a l  ana lys i s .  We w i l l  rev iew 

t h i s  a n a l y s i s  and w i l l  adv ise t h e  P r o j e c t  i f  we f i n d  t h a t  t h e  ana lys i s  does n o t  

suppor t  an a f f i r m a t i v e  conc lus ion  rega rd ing  t h e  c a p a b i l i t y  o f  t h e  p r imary  heat  

t r a n s p o r t  system c e l l  and t h e  containment b u i l d i n g .  

Wi th  respec t  t o  t h e  i n n e r  c e l l  system we f i n d  t h a t  t h e  p r imary  heat  

We have n o t  had 

~ 
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These conclusions are predicated on the reliance o f  the inner containment cell 
steel liners to prevent sodium-concrete interactions. All o f  the Project's design 
basis sodium fires analyses submitted in the Final Safety Analysis Report assume 
that the integrity c f  the cell steel liner is retained. We find that the extent 
of inner cell and containment building pressurization depends heavily on the 
existence o f  a steel liner which would prevent the released sodium from coming in 
direct contact with the cell structural concrete. In order to give credit for 
mitigation o f  accident consequences, the cell steel liners must be well constructed 
and periodically have their functional capability verified in a manner mutually 
agreeable to us. The details o f  our analyses considering the influence o f  both 
sodium fires and sodium-concrete interactions on the inner cell and containment 
pressurization are presented in Ref.4. 
effects o f  the steel liners, our analyses indicate that a maximum primary heat 
transport system cell pressure o f  approximately 30 psig could result from a large 
(1 foot hot-leg break) sodium spray fire when coupled with subsequent sodium- 
concrete interactions. Since the high pressure could cause inner cell failure, we 
also analyzed the effect on the outer containment building. Postulating the inner 
cell failure due to overpressurization allows free communication with the air 
environment in the containment building. If the cell liner fails, the sodium pool 
size is impbrtant to the subsequent containment response; the larger the sodium 
spill quantity, the greater the potential for reactor containment building overpres- 
surization. 
about 12 psig and 30 psig for sodium spills o f  26,000 pounds (1 ft 
pump trip) and 100,000 pounds (50 lb/sec leak undetected for about one-half hour), 
respectively. Therefore, the inner cell and outer containment building long-term 
design pressures would be exceeded if large sodium-concrete Interactions were 
allowed to take place. 

For example, without the mitigating 

2 

Maximum calculated pressures In the containment were found to be 
2 break with 

6.2.2 Ex-Containment Secondary Sodium System Fire Consequences 

Since the secondary sodium system is part o f  the normal decay heat removal path 
and is essentially non-radioactive, radiological consequences from secondary 
sodium releases are negllglble; however, the effects o f  sodium oxide formation and 
release on the control room environment must be considered. Section 6.4 considers 
the effect o f  secondary sod1 um f l  res' on control room habi tab1 1 1 ty. 

Those portions o f  the secondary sodium system which are wlthin containment are 
located in the inerted spaces o f  the primary heat transport system cells so that 
secondary p-ipe breaks inside containment would.not result in pressures and tempera- 
tures higher than calculated for primary system pipe breaks. The ex-containment 
portions o f  the secondary loops are housed in concrete vaults or "cells" contain- 
ing an air atmosphere. The walls and roof o f  these concrete vaults are not lined 
with a steel membrane. However, the floor and lower sidewalls are protected by a 
steel catch pan with provisions for nitrogen (Ne) flooding to extinguish any fires 
resulting from a sodium spill accident. In addition, the ex-containment portions 
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o f  the  secondary loops are prov ided w i t h  smoke de tec tors  whhich annunciate a f i r e  
i f  one should occur r e s u l t i n g  i n  s h u t t i n g  o f f  t h e  a i r  supply and f l o o d l n g  the  c e l l  

w i t h  N2 gas. 

system. 

sodium f i r e  i n  one secondary loop i s  i s o l a t e d  from the  o ther  loops. 

The n i t r o g e n  f l o o d i n g  system i s  p a r t  o f  the  p l a n t  f i r e  p r o t e c t i o n  

The secondary loops are p h y s i c a l l y  separated from one another, so t h a t  a 

The FFTF P r o j e c t  c o n t r a c t o r s '  analyses o f  secondary system sodium f i r e s  a re  pre-  

sented i n  Ref. 1 . '  The pressures and temperatures r e s u l t i n g  f r o m  cons idera t ion  o f  a 

spectrum o f  sodium spray and pool f i r e s  were determined f o r  p o s t u l a t e d  sodium 

re leases i n  t h e  var ious c e l l s  c o n t a i n i n g  secondary sodium system equipment. 

was conserva t ive ly  assumed f n  t h e  P r o j e c t ' s  analyses t h a t  t h e r e  was no N2 f l o o d i n g  

t o  purge t h e  oxygen. 

pool f i r e  analyses were analyzed w i t h  t h e  SOFIRE c0de. j  

bu i ldup i n  the  secondary sodium system c e l l s  exceeds 2 inches H20, t h e  heat ing  and 

v e n t i l a t i o n  system r e l i e f  dampers open t o  vent  t h e  c e l l  t o  the  ou ts ide  environment. 

Th is  f e a t u r e  i s  charac ter ized  by a h i g h  leakage model and i s  incorpora ted  i n t o  the  

analyses as 10,000 percent  per  day l e a k  r a t e  a t  0.23 ps ig .  

It 

Spray re leases were analyzed w i t h  the  SPRAY code,2 w h i l e  

When the  pressure 

The FFTF P r o j e c t  c o n t r a c t o r s  conclude i n  Sec t ion  15.2.4.3 o f  the  F i n a l  Safety  

Analys ls  Report t h a t  the  worst  c o n d i t i o n s  from a pressure and temperature stand- 

p o i n t  occurred i n  t h e  secondary heat  t r a n s p o r t  system pump c e l l .  The spray f i r e  

r e s u l t i n g  from a p o s t u l a t e d  f a i l u r e  o f  t h e  4- Inch sodium l e v e l  e q u a l i z a t i o n  l i n e  

(600'F) as i t  leaves t h e  expansion tank  produced a peak pressure o f  11.3 p s i g  and 

a peak gas temperature o f  803'P. The P r o j e c t  concludes t h a t  t h i s  break l o c a t i o n  

was more l i m i t i n g  than o thers  considered because t h e  e leva ted  l o c a t i o n  o f  the  p i p e  

break produced t h e  l a r g e s t  spray volume r e s u l t i n g  i n  h igher  average gas temperature 

and pressure. 

severe re lease of sodium ox lde  t o  t h e  environment o u t s i d e  o f  t h e  containment i s  a 

p o s t u l a t e d  one tube break i n  a-dump heat  exchanger w i t h  sodium d ischarge f o r  up t o  

two minutes. 

seconds f o l l o w i n g  p o s t u l a t e d  sodium spray re lease,  a s i g n i f i c a n t  q u a n t i t y  o f  

sodium ox ide i s  re leased d i r e c t l y  t o  t h e  environment. 

The secondary sodium system f a i l u r e  which r e s u l t s  i n  t h e  most 

Since the  dump heat exchanger dampers are no t  f u l l y  c losed f o r  120 

Our assessment regard ing  t h e  sodium aerosol  re lease,  as 

t o  the  c o n t r o l  room, i s  addressed i n  Sec t ion  6.4. 

6.2.3 Containment I s o l a t i o n  

The FFTF containment i s o l a t l o n  p r o v i s i o n s  meet the  requ 

r e l a t e d  t o  the  a i r  i n t a k e  

rements o f  General Design 

C r i t e r i a  5 5 ,  56 and 57, w i t h  the  f o l l o w i n g  noted except ions.  

There are 14 pneumatic l i n e s  supp ly ing  a i r ,  n i t r o g e n  o r  argon t o  serv ices  i n s i d e  

t h e  containment, which are prov ided w i t h  containment i s o l a t i o n  va lves t h a t  c lose  

upon loss-of -system pressure. 

g r e a t e r  than the  containment des ign pressure and t h e  "swi tch ing"  pressures f o r  t h e  

-spr ing  actuqted containment i s o l a t i o n  va lves a r e  also s e t  a t  pressure l e v e l s  

A l l  t h e  pneumatic system opera t ing  pressures are 
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grea te r  t han  containment design pressure. Each o f  t h e  14 pneumatic system l i n e s  

a r e  p rov ided  w i t h  two containment i s o l a t i o n  va lves,  one i n s i d e  t h e  containment and 

one ou ts ide  the  containment as r e q u i r e d  by General Design C r i t e r i o n  56, "Primary 

containment I s o l a t i o n . "  

ment would r e s u l t  i n  loss-of-system pressure and i s o l a t i o n  o f  t h e  a f f e c t e d  pene t ra t i on .  

I f  system pressure i s  n o t  l o s t ,  t h rough- l i ne  leakage i s  prevented by system pressure 

w i t h i n  t h e  l i n e .  

t h e  containment I s o l a t i o n  design r e q u i r e d  by General Design C r i t e r i o n  56. 

F a i l u r e  o f  t h e  p i p i n g  system i n s i d e  o r  ou ts ide  the  conta ln-  

In our judgment t h i s  design p rov ides  equ iva len t  p r o t e c t i o n  t o  

Containment i s o l a t i o n  f o r  t h e  i n t e r i m  examination maintenance c e l l  l i q u i d  waste 

l i n e  I s  prov ided by a qu i ck  disconnect va l ve  i n s i d e  t h e  I n t e r i m  examination 

maintenance c e l l  and a weld cap on t h e  l i n e  ou ts ide  containment. If i t  1s ever 

necessary t o  decontaminate the  i n t e r i m  examination maintenance c e l l ,  i t  would n o t  

be p o s s i b l e  t o  e n t e r  t h e  c e l l  t o  make t h e  proper  connection, thus a qu i ck  d isconnect  

w i t h  an i n t e g r a l  va l ve  capable o f  be ing connected by manipulators  i s  used I n  t h e  

c e l l .  Access t o  t h e  p i p e  cap ou ts ide  t h e  containment i s  n o t  r e s t r i c t e d .  I n  our 

judgment t h e  above I s o l a t i o n  arrangement prov ides p r o t e c t i o n  equ iva len t  t o  t h a t  

a f f o r d e d  by t h e  i s o l a t i o n  arrangements recommended by General Design C r i t e r i o n  56. 

Containment i s o l a t i o n  f o r  10 secondary sodium system l i n e s  i s  p rov ided  by c losed 

Systems bo th  i n s i d e  and ou ts ide  t h e  containment b u i l d i n g .  General Design 

C r i t e r i o n  57,  "Closed System I s o l a t i o n  Valves," requ i res  t h a t  containment penetra- 

tionseeemploying a c losed system i n s i d e  t h e  containment have a t  l e a s t  one conta in-  

ment i s o l a t i o n  va l ve  ou ts ide  t h e  containment b u i l d i n g .  

hypo the t i ca l  core d i s r u p t i v e  acc ident  t h e  secondary sodium system i s  requ i red  t o  

a l l o w  post -acc ident  heat  removal. Therefore, i f  an i s o l a t i o n  va l ve  were i n s t a l l e d  

ou ts ide  t h e  containment, t h e  va l ve  would o f  necess i t y  be a remote manual valve. 

I n  our  judgment, cons ide r ing  the  post -acc ident  operat ions r e q u i r e d  f o r  t h e  secondary 

sodium system, t h e  use o f  a c losed system i n s i d e  and ou ts ide  t h e  containment 
prov ides equ iva len t  p r o t e c t i o n  t o  t h e  arrangement r e q u i r e d  by General Deslgn 

C r i t e r i o n  57; i . e . ,  a c losed  system i n s i d e  t h e  containment and a remote manual 

va l ve  ou ts ide  t h e  containment. 

I n  t h e  event  o f  a 

Dur ing our  rev iew o f  t h e  FFTF containment i s o l a t i o n  design, we recommended t h a t  

t h e  two containment pressure sens ing . l i nes  be p rov ided  w i t h  a sealed system w i t h  

i n s i d e  and ou ts ide  pressure t r a n s m i t t i n g  bel lows. The P r o j e c t  has e l e c t e d  t o  use 

a "sp in"  o r i f l c e  p l a t e  i n  p lace  o f  t h e  I n n e r  be l lows as a containment i s o l a t i o n  

b a r r i e r .  The o r i f i c e  p l a t e  i s  designed such t h a t  a i r  f l o w  through t h e  r e s t r i c t o r  

a t  containment design pressure-(10 p s i g )  and f50'F i s  0.0103 cfm, which I s  0.98 

pe rcen t  of t h e  contalnment design l e a k  r a t e .  However, b o t h  t h e  o r i f i c e  p l a t e  and 

t h e  downstream pressure t r a n s m i t t e r  a r e  l oca ted  ou ts ide  t h e  containment. The 

P r o j e c t  cons iders t h e  small  l i n e  f rom ' the  'containment p e n e t r a t i o n  assembly t o  and 

i n c l u d i n g  t h e  o r i f i c e  p l a t e  t o  be an extens ion o f  t h e  contalnment boundary, and 

t h e r e f o r e  n o t  sub jec t  t o  p o s t u l a t e d  f a i l u r e s .  We do n o t  cons ider  t h i s  t o  p rov ide  

the  equ iva len t  p r o t e c t i o n  o f  t h e  system we have recommended. 
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Containment i s o l a t i o n  i s  i n i t i a t e d  o n l y  by t h e  d e t e c t i o n  o f  h igh  r a d i a t i o n  l e v e l s  

w i t h i n  t h e  containment v e n t i l a t i o n  system duc t i ng .  

rev iew we requested t h e  P r o j e c t  t o  consider  t h e  use o f  d i ve rse  s igna ls  t o  p r o v i d e  

containment i s o l a t i o n  demand. The P r o j e c t ,  i n  response, has i n d i c a t e d  t h a t  i n  

t h e i r  judgment i s o l a t i o n  of t h e  FFTF containment i s  requ i red  o n l y  when t h e r e  i s  a 

re lease  o f  r a d i a t i o n  w i t h i n  t h e  containment b u i l d i n g .  

events which cou ld  r e s u l t  i n  a r a d i a t i o n  re lease  ( i .e . ,  cover gas leakage, f u e l  

handl ing acc ident ,  core d i s r u p t i v e  acc ident ,  e t c . )  and t h e  FFTF design goal t o  

keep r a d i a t i o n  re leases from a l l  o f f -normal  events t o  as low as p r a c t i c a b l e ,  t h e  

P r o j e c t  has concluded t h a t  t h e r e  a re  no r e l i a b l e  parameters, o the r  than r a d i a t i o n ,  

which w i l l  p rov ide  e a r l y  i n d i c a t i o n  of t h e  need f o r  containment i s o l a t i o n .  Due t o  

t h e  na tu re  o f  t h e  p o t e n t i a l  design bas i s  acc idents  which cou ld  cause pressur lza-  

t i o n  o f  containment (e.g., sodium s p i l l s  o r  leaks)  t h e  containment pressure b u i l d u p  

would be very gradual. A 5800-pound sodium s p i l l  i n  an open c e l l  d u r i n g  maintenance 

o f  a c losed  loop  system cou ld  r e s u l t  i n  a peak containment pressure o f  1.1 p:ig 

o c c u r r i n g  over 12 hours a f t e r  t h e  s p i l l ,  w h i l e  a 25,000 pound sodium s p i l l  i n  an 

open heat  t r a n s f e r  system c e l l  would r e s u l t  I n  a peak containment pressure o f  1.7 

p s i g  a f t e r  17 hours. 
r a t e s  o f  containment atmosphere losses p r i o r  t o  i s o l a t i o n  va l ve  c losu re  which a re  

o f  concern f o r  l i g h t  water  r e a c t o r  systems i s  n o t  a ma t te r  o f  t h e  same concern f o r  

t h e  FFTF containment design. 

r a d i o a c t i v i t y  i s  a more s e n s i t i v e  parameter than  temperature o r  pressure. 

t he re fo re ,  conclude t h a t  t h e  containment i s o l a t i o n  demand f o r  t h e  FFTF need n o t  

i nc lude  d i v e r s i t y  o f  sensed parameters as i s  r e q u i r e d  f o r  l i g h t  water r e a c t o r  

containments. 

Dur ing  the  course o f  our  

Considering t h e  spectrum o f  

Therefore, t h e  r a p i d  containment p r e s s u r i z a t i o n  and h i g h  

Even f o r  t h e  core d i s r u p t i v e  acc iden t  o r  meltdown, 

We, 

6.2.4 Containment Leakage Tes t i ng  

The P r o j e c t  has proposed a containment i n t e g r a t e d  l e a k  r a t e  t e s t  program t h a t  w i l l  

s a t i s f y  t h e  requirements o f  Appendix J t o  10 CFR P a r t  50, "Primary Reactor 

Containment Leakage Tes t i ng  f o r  Water Cooled Power Reactors." 

t o  use t h e  reduced pressure t e s t  method. We recommend t h a t  t h e  c h i l l e d  water  and 

Mobll- therm systems (pene t ra t i ons  M-1 through 4 and M-206 through 211) be d ra ined  

and vented t o  t h e  containment atmosphere d u r i n g  t h e  i n t e g r a t e d  l e a k  t e s t ,  unless 

i t  can be demonstrated t h a t  a f l u i d  seal can be mainta ined f o l l o w i n g  an acc ident ,  

cons ide r ing  t h e  e f f e c t s  o f  t h e  wors t  s i n g l e  a c t i v e  f a i l u r e  w i t h i n  each system. 

They a l s o  propose 

The P r o j e c t  has descr ibed t h e  l o c a l  l e a k  r a t e  t e s t  program (Type 6 and Type C 

t e s t f n g )  t o  be fo l l owed  a t  t h e  FFTF. They have i d e n t i f i e d  containment i s o l a t i o n  

valves f o r  which t h e  t e s t  pressure i s  t o  be a p p l i e d  i n  t h e  opposi te  d i r e c t i o n  t o  

t h e  expected acc iden t  pressure and have p rov ided  j u s t i f i c a t i o n  f o r  reverse pressure 

t e s t i n g .  

f o r  which t h e  P r o j e c t  has n o t  proposed a Type C ( l o c a l )  l e a k  r a t e  t e s t .  

t h a t  t h e  P r o j e c t  p rov ide  t h e  c a p a b i l i t y  necessary t o  t e s t  these va lves and inc lude  

them i n  t h e  l o c a l  l e a k  r a t e  t e s t  program. 

i d e n t i f i e d  i n  Table 6.2-1. 

We have I d e n t i f i e d  t h e  f o l l o w i n g , l i s t  o f  containment i s o l a t i o n  valves 
We recommend 

The valves and p e n e t r a t i o n  numbers a re  

6-8 



TABLE 6.2-1 

VALVES TO BE LEAK TESTED 

Valve No. Pene t ra t i on  No. 

lHV-74650B/PSV-64128 

lHV-7465OA/PSV-64127 

HV-70824A/PSV-70826 

HV-70824B/PSV-70820 

23V86 

23V87 

24V88 

23V89 

HV-74550E/f'SV-64123 

HV-74550A/PSV-64124 

HV-74600A/PSV-64125 

HV-74600E/PSV-64126 

HV- 74500A/PSV-6412 1 

HV-74500B/PSV-64122 

HV-07155 and HV-07156 

HV-07016 and HV-07013 

HV-07038 and HV-07041' 

HV-07124 and HV-07123 

M- 1 

M- 2 
M- 3 

M- 4 

M- 5 

M- 6 

M- 7 
M- 8 

M-206 

M-207 

M-208 

M-209 

M-210 

M-211 

M-46 

M-50 

M-51 

M-53 

6.3 I n t e r i m  Decay Storage Emergency Cool ing System 

The i n t e r i m  decay s torage emergency c o o l i n g  system i s  normal ly  cooled by 

c i r c u l a t i n g  pool  sodium t o  a NaK system which t r a n s f e r s  i t s  heat  t o  a Mobil- therm 

system which, i n  t u r n ,  t r a n s f e r s  i t s  heat  t o  t h e  c h i l l e d  water  system and f i n a l l y  
t o  t h e  atmosphere. A backup system I s  prov ided  by t h e  hea t ing  and v e n t i l a t i n g  

system which would c i r c u l a t e  n i t r o g e n  c o o l i n g  through an annulus between t h e  

i n s u l a t i o n  j a c k e t  and guard vessel. 

i s  s a f e t y  grade, a backup heat  removal p a t h  i s  provided. Th is  p a t h  c loses t h e  

valves on t h e  hea t ing  and v e n t i l a t i n g  ducts  and opens va lves t o  a l l o w  n a t u r a l  

convect ion i n  t h e  annulus between t h e  guard vessel and t h e  i n s u l a t i o n  t o  t h e  

Containment atmosphere. The containment becomes t h e  heat  s i n k  i f  t h i s  method o f  

Since n o t  a l l  o f  e i t h e r  heat  t r a n s f e r  t r a i n  

heat  removal I s  used d u r i n g  containment i s o l a t i o n .  

va lves t o  p e r m i t  t h i s  mode o f  heat  removal t o  be s a f e t y - r e l a t e d  and have 

recommended t h a t  t hey  be considered an engineered s a f e t y  f e a t u r e  powered by I€ 

power and t h a t  p o s i t i o n  i n d i c a t i o n  f o r  t h e  va lves be d i sp layed  i n  t h e  c o n t r o l  

room. These recommendations have been incorporated.  

We view t h e  opera t i on  o f  these 

6.4 Contro l  Room H a b i t a b i l i t y  

We reviewed t h e  c o n t r o l  room v e n t i l a t i o n  system and c o n t r o l  b u i l d i n g  l a y o u t  and 

s t r u c t u r e s  t o  determine that. p l a n t  operators  w i  11 be adequately p r o t e c t e d  aga ins t  - 
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t he  e f f e c t s  o f  acc iden ta l  re lease  o f  t o x i c  and r a d i o a c t i v e  gases, and t h a t  t h e  

FFTF can be s a f e l y  operated o r  shu t  down under design bas i s  acc ident  cond i t i ons .  

The eva lua t i on  was based on t h e  acceptance c r i t e r i a  descr ibed i n  Sect ion 6.4 o f  

NUREG-75-087, "Standard Review P lan  f o r  t h e  Review - f  Safety  Analys is  Reports f o r  

Nuclear Power Plants . ' '  

Relevant p o r t i o n s  o f  t h e  c o n t r o l  room v e n t i l a t i o n  systems a re  descr ibed i n  t h i s  

sect ion,  w h i l e  t h e  e n t i r e  v e n t i l a t i o n  system i s  evaluated i n  Sect ion 9.4. 

6.4.1 General D e s c r i p t i o n  

The c o n t r o l  room i s  p h y s i c a l l y  separated from t h e  r e a c t o r  containment b u i l d i n g  by 

two adjacent  s t r u c t u r e s  - t h e  r e a c t o r  s e r v i c e  b u i l d i n g  and t h e  a u x i l i a r y  equipment 

b u i l d i n g  (East). The c o n t r o l  room i s  designed t o  meet seismic Category I r e q u i r e -  

ments and t o  p r o t e c t  aga ins t  tornados. 

d u r i n g  an emergency, c o n t r o l  f o r  r e a c t o r  shutdown w i l l  be t r a n s f e r r e d  t o  p r imary  

emergency shutdown c o n t r o l s  i n  t h e  c o n t r o l  b u i l d i n g  basement o r  t o  secondary 

emergency shutdown c o n t r o l s  i n  t h e  basement o f  a u x i l i a r y  equipment b u i l d i n g  
(West). The emergency c o n t r o l s  a re  c l a s s i f i e d  as seismic Category I and a re  

tornado protected.  

I f  access t o  t h e  c o n t r o l  room i s  l o s t  

The c o n t r o l  room i s  equipped w i t h  two a i r  i n takes  %320 f e e t  a p a r t  from one 

another. Each a i r  i n t a k e  i s  equipped w i t h  a r a d i a t i o n  moni tor .  When h igh  

r a d i o a c t i v i t y  i s  detected,  t he  normal v e n t i l a t i o n  w i l l  be stopped, t h e  c o n t r o l  

room a u t o m a t i c a l l y  i s o l a t e d ,  and a backup l i f e  suppor t  system actuated i n  t h e  

r e c i r c u l a t i o n  mode. Each o f  t h e  two a i r  i n takes  can be manually se lec ted  and 

opened t o  draw i n  f r e s h  a i r  through an emergency h i g h  e f f i c i e n c y  p a r t i c u l a t e  a i r  

(HEPA) f i l t e r  t o  ma in ta in  p r e s s u r i z a t i o n  o f  t h e  c o n t r o l  room. 

concluded t h a t  s i g n i f i c a n t  q u a n t i t i e s  o f  gaseous iod ines  w i l l  n o t  be re leased from 

any p o s t u l a t e d  design bas i s  acc ident ,  so t h a t  charcoal  f i l t e r s  a re  n o t  requi red.  

No spec ia l  p r o v i s i o n s  have been made f o r  removal o f  a i r b o r n e  caus t i cs .  

The P r o j e c t  has 

One o f  t h e  func t i ons  o f  t h e  c o n t r o l  room h a b i t a b i l i t y  system w i l l  be t o  supply  

non-radioact ive a i r  t o  t h e  c o n t r o l  room a f t e r  a des ign bas i s  acc iden t  t o  pressur-  

i z e  t h e  c o n t r o l  room t o  a s l i g h t  p o s i t i v e  pressure. 

ope ra t i ng  personnel t o  remain i n  t h e  c o n t r o l  room f o l l o w i n g  a design bas i s  

acc ident .  i The c o n t r o l  room h a b i t a b i l i t y  system i s  a redundant system, w i t h  each 

system having an i n t a k e  des ign c a p a c i t y  o f  1000 cfm o f  a i r  and r e c i r c u l a t i n g  

des ign capac i t y  of 2000 cfm o f  a i r .  Each system conta ins t h e  f o l l o w i n g  com- 

ponents: 

designed t o  Q u a l i t y  Group C and seismic Category I ,  and w i l l  be l oca ted  i n  a 

seismic Category I s t r u c t u r e .  The system design does n o t  i nc lude  a charcoal 

adsorber i n  accordance w i t h  the  recommendations o f  Regulatory Guide 1.52. 

However, t h e  c o n t r o l  room i s  p r o t e c t e d  from ou ts ide  r a d i o a c t i v i t y  sources by means 

o f  r a d i a t i o n  de tec to rs  f o r  automat ic  c o n t r o l  room i s o l a t i o n .  

Th is  system w i l l  p e r m i t  

p r e f i l t e r ,  HEPA f i l t e r  and a fan. The equipment and components w i l l  be 
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6.4.2 0 

6 . 4 . 3  

Radiation Protection Provisions 

We reviewed the radiation protection provisions for the control room on the basis 
of General Design Criterion 19, "Control Room." 

The control room is shielded with three feet of concrete on the roof and in the 
walls between the control room and the reactor containment building. 
two redundant, independent filter trains, each containing a HEPA filter, are 
provided to mitigate airborne radioactive particulates in the recirculation mode 
during emergency. 

In addition, 

We determined that the control room provides adequate radiation protection for the 
operator during normal operation. For postulated accidents involving the release 
of radioactivity, the control room personnel will be adequately protected provided 
that two circumstances exist: 
is in the form of particulates and (2) mass loading on the HEPA filter will not 
degrade significantly the design efficiency. 

(1) the majority of the airborne radioactive species 

The Project has briefly evaluated the possibility that the more volatile fission 
products could become airborne and remain in a "gaseous" form. 
together with results of very limited test data, indicated that only small fractions 
of material such as iodine might pass through filters (remain unattached to particles). 

The Project analysis, 

Detailed evaluations of the mass loadings of particulates on the HEPA filters that 
might be associated hrith various postulated accidents have not been provided by 
the Project. 
materials such as sodium oxide can be accommodated. 

However, it is estimated that no more than one or two pounds of 

Our summary conclusion is that the arguments provided by the Project in support of 
the design are reasonable, but there is little or no margin for error. Given the 
developmental nature of this facility and, the uncertainties associated with the 
control room habitability analysis, we recommend that consideration should be 
given to provide a greater margin of protection to the operators. 
consideration should be given to installation of charcoal beds in the standby 
filter trains and pressurization under design basis events rather than simple 
isolation. 

Specifically, 

Toxic Vapor Protection 

We reviewed the'control room protection against toxic vapors on the basis of 
Regulatory Guide 1 . 7 8 ,  "Assumptions for Evaluating the Habitability of a Nuclear 
Power Plant Control Room During a Postulated Hazardous Chemical Release," and 
Regulatory Guide 1.95, "Protection of Nuclear Power Plant Control Room Operators 
Against an Accidental Chlorine Release," revision 1. 
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Ra i l road  shipments o f  hazardous m a t e r i a l s  i n  t h e  v i c i n i t y  o f  t he  FFTF s i t e  are 

ammonia i n  4000 t o  7000 g a l l o n  tanks, and c h l o r i n e  gas i n  one t o n  conta iners.  

Ch lo r ine  gas, aqueous ammonia, and hydraz ine s o l u t i o n s  a re  s to red  a t  t h e  WPPSS 
r e a c t o r  s i t e .  

Large q u a n t i t i e s  o f  sodium metal are used ons i te .  C i r c u l a t i o n  o f  h i g h  temperature 

(non-radioact ive)  sodium ou ts ide  o f  t he  containment i s  an i n t e g r a l  f e a t u r e  o f  t h i s  

r e a c t o r  concept. 

The c o n t r o l  room i s  p rov ided  w i t h  se l f - con ta ined  b rea th ing  apparatus w i t h  enough 

a i r  f o r  45 minutes. 

o the r  areas w i t h i n  the  p l a n t  and on t h e  Hanford Reservation. 

\ i n f requen t .  Truck t ranspor t s  o f  t o x i c  chemicals i nc lude  n i t r i c  a c i d  and anhydrous 

No t o x i c  chemicals a re  s t o r e d  o n s i t e  o r  t ranspor ted  v i a  waterways. 

, 

Un l im i ted  replenishment o f  b o t t l e d  a i r  i s  a v a i l a b l e  from 

We determined t h a t  none o f  t he  t o x i c  chemicals i d e n t i f i e d  above, w i t h  t h e  

except ion o f  t h e  c i r c u l a t i n g  secondary coo lan t  (sodium) and c h l o r i n e  gas,  would 

pose s i g n i f i c a n t  hazards t o  c o n t r o l  room h a b i t a b i l i t y .  

No s p e c i f i c  means have been inc luded  f o r  a l e r t i n g  t h e  operators  t h a t  sodium 
combustion products  a re  e n t e r i n g  t h e  a i r  i n takes .  

i n takes  i s  small  enough t h a t  a f i r e  i n  a dump heat  exchanger o r  a u x i l i a r y  b u i l d i n g  

cou ld  r e s u l t  i n  caus t i cs  reaching bo th  i n takes .  I n  such an event, swi tchover  from 

one i n t a k e  t o  t h e  o the r  would have l i m i t e d  value. 

Sect ion 6.4.2, and i n  view o f  t h e  p r e s e n t l y  l i m i t e d  c a p a b i l i t i e s  of t h e  hab i ta -  

b i l i t y  system, we recommend t h a t  t h e  design should be reevaluated. 

i n s t a l l a t i o n  o f  redundant de tec to rs  f o r  sodium aerosol  i n  each o f  t h e  c o n t r o l  

room a i r  i n takes ,  automatic sw i t ch ing  c a p a b i l i t y  and g rea te r  separat ion are. 

suggested. 

The spacing between the  a i r  

For the  reasons g i ven  i n  

S p e c i f i c a l l y ,  
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7.1 

. . - . . . . . . . . . . - . . . . - . . . - . . . . . . -. . . . . . . . .- .. . . - - . . . . . .. . . .- 

7.0 INSTRUMENTATION AND CONTROLS 

Summary Des cr i p t i on 

The instrumentation and control system is presented in Sections 7.1 through 7 .4  of 
the Final Safety Analysis Report. This presentation was incomplete and in many 
cases required reference to supplemental documents such as System Design Descrip- 
tions for information needed to clarify and assess the safety significance of the 
system. Further, the Final Safety Analysis Report did not follow the recommenda- 
tions contained in the Standard Format ana Content document for liquid metal fast 
breeder reactors dated February 1974. 
systems difficult and time consuming. 

This made assessment of the plant safety 

The instrumentation and control system for the FFTF is broken down into two major 
subdivisions: 
The plant protection system contains all safety-related instrumentation and control 
systems including the primary reactor shutdown system, secondary reactor shutdown 
system, containment isolation systems, heat transfer shutdown system, dump heat 
exchanger emergency control system and various safety-related portions of the 
reactor plant control system which act as essential supporting systems, 

the plant protection system and the reactor plant control system. 

The reactor plant control system includes all other systems used for controlling 
and operating the plant under normal conditions and for displaying appropriate 
plant parameters during both normal operation and post-accident periods. 

7.1.1 Evaluation 

Our evaluation o f  these systems will be presented in the normal format. The review 
of information normally presented in Section 7.1  developed the following concerns: 

(1 )  The tables included in the Final Safety Analysis Report which were to list and 
identify the various safety-related systems and instruments appeared incomplete 
and unclear. In response to our request the Project has revised Tables 7.1-3, 

7.3-1, and 8.2-10, and has provided additional clarifying material to complete 
the presentation (of the safety-related systems and instruments. 
concluded that this response is satisfactory. 

We have 

(2) Section 7.1.1.1 o f  the Final Safety Analysis Report referred to some unidenti- 
fied critical instrumentation. In respons'e t o  our request the final Safety 
Analysis Report is being revised to include a reference to Table 7.1-3 which 
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f u r t h e r  re ferences Table 7.3-1 f o r  d e s c r i p t i o n  o f  t h e  inst rumentat ion.  Th is  

was acceptable. 

(3) Sect ion 7.1.1.4 o f  t he  F i n a l  Safety Analys is  Report d i d  n o t  present  s p e c i f i c  

phys i ca l  separat ion c r i t e r i a  f o r  t h e  i ns t rumen ta t i on  and c o n t r o l  systems o f  

t he  FFTF. The P r o j e c t ' s  response p rov ided  references t o  Sect ion 8.2 o f  t he  

F i n a l  Safety  Analys is  Report and t o  Tables 8.2-1 and 8.2-9 which g i v e  the  

s p e c i f i c  phys i ca l  separa t i on  c r i t e r i a  f o r  p l a n t  p r o t e c t i o n  system and 

non-plant p r o t e c t i o n  system c i r c u i t s  and equipment. 

r e l a y  c o i l - c o n t a c t  i s o l a t i o n  i s  used i n  a manner which appears n o t  t o  p rov ide  

proper  i s o l a t i o n  (non-plant p r o t e c t i o n  system-coi 1 ,  p l a n t  p ro tec t i on -con tac t ) ;  

however, t h e  P r o j e c t  w i l l  p rov ide  i n f o r m a t i o n  t o  j u s t i f y  i t s  use. 

p a r t  o f  t h e  response appeared t o  suggest t h a t  t h e  separat ion c r i t e r i a  cou ld  be 

d i l u t e d  i n  c e r t a i n  cases. The P r o j e c t  i n d i c a t e d  t h a t  t h i s  i s  n o t  t he  case and 

the  response w i l l  be mod i f i ed  t o  show t h a t  t h e  separat ion c r i t e r i a  a re  be ing 

supplemented i n  o the r  cases. 

One instance e x i s t s  where 

Another 

We f i n d  these commitments acceptable. 

(4) The F i n a l  Sa fe ty  Ana lys i s  Report exempted c e r t a i n  p o r t i o n s  o f  t h e  p l a n t  
p r o t e c t i o n  system f r o m  meeting t h e  requirements o f  General Design C r i t e r i o n  2, 

"Design Bases f o r  P r o t e c t i o n  Against  Na tu ra l  Phenomena," w i t h  rega rd  t o  tornado 

p r o t e c t i o n .  

Safety  Ana lys i s  Report and recommended t h a t  t he  design be mod i f i ed  t o  meet our 

p o s i t i o n  t h a t  a l l  p o r t i o n s  o f  t he  p l a n t  p r o t e c t i o n  system meet t h e  c r i t e r i a  o f  

General Design C r i t e r i o n  2 w i t h o u t  exception. The response i d e n t i f i e d  a l l  

ex-containment i s o l a t i o n  va lves,  t h e i r  operators ,  p o s i t i o n - i n d i c a t i n g  c i r c u i t s  

and power supp l i es  as n o t  be ing tornado hardened o r  p ro tec ted .  

has agreed t o  shut  down the  FFTF whep tornado condi tons e x i s t  and, t he re fo re ,  

c o n t r o l  power i s  acceptable f o r  p o s i t i o n  i n d i c a t i o n .  

We requested t h a t  these p o r t i o n s  be i d e n t i f i e d  i n  t h e  F i n a l  

The P r o j e c t  

(5) We had asked f o r  comparisons t o  be made between the  quoted r e a c t o r  development 

technology standards and the  a p p l i c a b l e  I E E E  Standards. 

a p p l i c a b l e  I E E E  Standards t h i s  ha5 been complied w i t h ;  however, i n  the  case o f  

I E E E  Standard 323-1974 t h e  P r o j e c t  i s  t o  supply an a n a l y s i s  showing how the  

environmental q u a l i f i c a t i o n  compares wi th t h e  requirements of t h i s  standard. 

We w i l l  r e p o r t  on t h i s  i n  a supplement t o  t h i s  r e p o r t .  

For most o f  t he  

A bas i c  d i f f e r e n c e  between t h e  FFTF aird the  l i g h t  water r e a c t o r  p l a n t  p r o t e c t i o n  

systems l i e s  i n  t h e  pass ive na tu re  of t h e  engineered s a f e t y  fea tu res  and the  r e a c t o r  

heat  removal system i n  t h a t  o n l y  va lves a re  r e q u i r e d  t o  be p o s i t i o n e d  t o  i s o l a t e  

containment and c a r r y  away decay heat. 

r e a c t o r  sens ib le  hea t  and decay heat  can be removed by n a t u r a l  convect ion and t h e  

containment i s  i s o l a t e d  by va lves t h a t  c lose  on l o s s  o f  power o r  by valves t h a t  

r e q u i r e  o n l y  momentary a p p l i c a t i o n  o f  power from t h e  Class I E  b a t t e r y  supply t o  

No pumps a re  r e q u i r e d  t o  operate s ince  
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ac tua te  a so leno id  t o  c lose  them. 

powered temperature moni tors  and regu la ted  by manually powered vane-regulat ing 

mechanisms i n  the  dump heat exchanger. 

Decay heat  removal r a t e  i s  monitored by s e l f -  

Assuming the  s a t i s f a c t o r y  r e s o l u t i o n  o f  t he  open issues s t a t e d  i n  i t em ( 5 ) ,  we can 

conclude t h a t  t h e  P r o j e c t ' s  d e s c r i p t i o n  and implementation o f  t h e  c r i t e r i a  and 

design bases o f  t h e  s a f e t y - r e l a t e d  i ns t rumen ta t i on  and c o n t r o l  systems a re  acceptable. 

7.2 Reactor Shutdown Systems 

The FFTF i s  unique i n  t h a t  i t  possesses two semi-independent, redundant and d i ve rse  

shutdown systems. 

They a re  independent w i t h  the  except ion o f  common power supply sources. 

system i s  redundant w i t h i n  i t s e l f  i n c l u d i n g  instruments, l o g i c ,  scram breakers and 

c o n t r o l  r o d  group. F igure 7.2-1 shows t h i s  arrangement i n  b l o c k  diagram form. 

The parameters used i n  t h e  pr imary r e a c t o r  shutdown system a re  d i ve rse  from those 

used i n  t h e  secondary r e a c t o r  shutdown system as i s  t h e  equipment and l o g i c  arrange- 

ment. 

These a re  the  pr imary and secondary r e a c t o r  shutdown systems. 

Each 

The p r imary  r e a c t o r  shutdown system uses two-out-of - three coincidence l o g i c  a t  t he  
l o g i c  i n p u t  from t h e  analog comparators and then uses the  ou tpu t  o f  a 

one -ou t -o f - th i r t y - two  l o g i c  u n i t  t o  d r i v e  t h e  undervoltage c o i l  o f  i t s  assoc iated 

pr imary scram breaker ,  which i n  t u r n  operis t o  drop the  th ree  pr imary rods. 

one o f  these rods possesses s u f f i c i e n t  negat ive r e a c t i v i t y  t o  take  the  r e a c t o r  t o  

s u b c r i t i c a l i t y  and shutdown independently o f  any o the r  shutdown mechanism. 

Any 

The secondary r e a c t o r  shutdown system uses a one-out-of-four l o g i c  u n i t  t o  rece ive  

i n p u t  from the  analog comparators then feeds i n t o  a two-out-of - three l o g i c  u n i t  

which feeds a one-out-of -e ight  l o g i c  u n i t  which, i n  t u r n ,  d r i v e s  t h e  undervoltage 
c o i l  o f  i t s  assoc iated secondary scram breaker. Opening e i t h e r  one o f  these t w o  

breakers drops t h e  s i x  secondary rods which make t h e  r e a c t o r  s u b c r i t i c a l  and shut  

i t  down independently o f  any o the r  shutdown mechanism. 

D i v e r s i t y  has been p rov ided  i n  these two scram systems through choice o f  i n i t i a t i n g  

parameters, t ype  o f  inst rumentat ion,  l o g i c  arrangement and manufacturer o f  gcram 

breaker. Table 7.2-1 shows t h e  d i v e r s i t y  o f  i n i t i a t i n g  parameters; t h e  analog 

comparators a re  o f  d i f f e r e n t  design; t h e  pr imary r e a c t o r  shutdown system uses 

i n t e g r a t e d  c i r c u i t  l o g i c  and scram breakers manufactured by ITE w h i l e  t h e  secondary 

r e a c t o r  shutdown system uses d i s c r e t e  component l o g i c  and breakers made by 

Westinghouse. 
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-- TABLE 7.2-1 

PLANT PROTECTION SYSTEM FUNCTIONS 

PRIMARY SHUTDOWN SYSTEM SECONDARY SHUTDOWN SYSTEM 

b 1. Secondary F lux/Tota l  Flow (1) 
1 .  Primary Power Range Nuclear High F lux  ( 1 )  

2 .  

3 .  

4. 

5 .  

6 .  

7 .  

8. 

9 .  

10. 

2 .  

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Primary Power Range Nuclear Low S e t t i n g  (1)  

High S ta r tup  F lux  (1 )  

Primary Flux-Decreasing Delayed F lux  ( 1 )  

Primary F lux  /Loop Pressure (3)  

[HX Primary O u t l e t  Temperature (3) 

Reactor Vessel Coolant Level (1) 

Flux/Closed Loop Flow (6)  

Closed Loop I H X  Primary O u t l e t  Temperature (6)  

Experiment-Associated T r i p  Functions (9)  

2 

Secondary F lux - Inc reas ing  Delayed F lux  (1) 

Secondary Flux-Decreasing Delayed Flux (1) 

Low Primary Loop Flow (3)a 

High Primary Loop FLOW (3)  

Low Secondary Flow (3)a 

LOSS o f  O f f - S i t e  Power (]la 

Reactor O u t l e t  Plenum Temperature (1) 

Closed Loop O u t l e t  Temperature (6) 

Experiment-Associated T r i p  ;unctions ( 12)' 

a Bypass r e q u i r e d  t o  s t a r t  HTS prime movers.' 

'Numbers i n  parenthes is  r e f e r  t o  ac tup l  number of f unc t i ons  used. - 
C Three of these p r o t e c t i v e  func t i ons  a re  reserved f o r  implementation, i f  necessary d u r i n g  

advanced core operat ion,  o f  a secondary HTS loop overpressure p r o t e c t i v e  fUnCtiOn. 
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Our rev iew o f  these r e a c t o r  shutdown systems gave r i s e  t o  s t a f f  concerns as fo l l ows :  

( 1 )  It was n o t  c l e a r  from the  F i n a l  Sa fe ty  Analys is  Report whether the  d i v e r s i t y  

i n  the  pr imary and secondary reac to r  shutdown systems Itad been c a r r i e d  through 

t h e  scram breakers t o  e l i m i n a t e  a p o t e n t i a l  common mode f a i l u r e  p o i n t .  The 

P r o j e c t ' s  response s t a t e d  t h a t  t he  breakers were o f  d i ve rse  manufacture and 

descr ibed the  breaker u n i t s .  We have reviewed the  a d d i t i o n a l  i n f o r m a t i o n  and 

concluded t h a t  t he  response was acceptable. 

(2)  We requested t h a t  a d d i t i o n a l  i n f o r m a t i o n  be p rov ided  t h a t  discussed the r e l a -  

t i o n s h i p  between nominal ope ra t i ng  p o i n t ,  nominal t r i p  s e t p o i n t  and l i m i t i n g  

c o n d i t i o n  f o r  ope ra t i on  ( s a f e t y  l i m i t )  w i t h  regard t o  margin prov ided t o  

account f o r  e r r o r s ,  inst rument  inaccurac ies,  s e t  p o i n t  d r i f t  and u n c e r t a i n t i e s  

i n  the  determinat ion o f  t he  sa fe ty  l i m i t .  The P r o j e c t ' s  response i n d i c a t e d  

the  d i f f i c u l t y  o f  r e l a t l n g  s a f e t y  l i m i t s  t h a t  are I n t e g r a l  f unc t i ons  o f  t ime  

and magnitude t o  s teady-state l e v e l s .  

t r i p  p o i n t s  are de r i ved  by combining a l l  u n c e r t a i n t i e s  w i t h  t h e  nominal t r i p  

p o i n t .  The s a f e t y  ana lys i s  I s  based on the  l a t e s t  t r i p  p o i n t  and must show 
t h a t  p l a n t  p r o t e c t i o n  system response based on t h i s  t r i p  p o i n t  mainta ins t h e  

r e a c t o r  and p l a n t  parameters w i t h i n  t h e  approp r ia te  s a f e t y  l i m i t s .  Pe r iod i c  

f u n c t i o n a l  t e s t i n g  i s  t o  be c a r r i e d  o u t  a t  monthly i n t e r v a l s  t o  v e r i f y  t h a t  

t h e  ac tua l  t r i p  p o i n t  remains w i t h i n  the band es tab l i shed  by these e a r l y  and 

l a t e  t r i p  p o i n t s .  

t h e  event o f  t r i p  p o i n t s  be ing found t o  be o u t  o f  l i m i t s .  

t h a t  t h i s  response i s  acceptable. 

The response showed how e a r l y  and l a t e  

I n v e s t i g a t i o n  i n t o  causes and r e c a l i b r a t i o n  w i l l  be done i n  

We have concluded 

(3) The F i n a l  Safety  Ana lys i s  Report had i n d i c a t e d  t h a t  automatic t e s t i n g  o f  t h e  

p r imary  r e a c t o r  shutdown system l o g i c  was accomplished by a system c a l l e d  

"Moni tor"  b u t  no i n f o r m a t i o n  on t h i s  system was presented t h a t  would enable 

the  s t a f f  t o  eva lua te  i t s  a b i l i t y  t o  adequately t e s t  t h e  p r imary  r e a c t o r  

shutdown system l o g i c  o r  t o  evaluate i t s  e f f e c t  on independence o f  t h e  r e a c t o r  

shutdown system. The response a l s o  was n o t  c l e a r  on how t h e  two types o f  
analog inst rument  t e s t s  (one uses a sw i t ch  t o  i n s e r t  t h e  t e s t  s i g n a l ,  t he  

o t h e r  requ i res  sensor d isconnect ion)  were conducted and how t h e  channels were 

d isabled.  The P r o j e c t  has c l a r i f i e d  t h i s  p o r t i o n  o f  t h e  :-esponse. 

should s t a t e  t h a t  t he re  i s  no way t h a t  more than  one channel can be d i sab led  

w i t h o u t  t r i p p i n g  the  r e a c t o r  and t h a t  t h e  "Moni tor"  system t e s t s  o n l y  t h e  

l o g i c  channels. 

bu f fe red  from t h e  p r imary  r e a c t o r  shutdown system by p h o t o - i s o l a t o r s  and has 

been analyzed t o  show t h a t  no f a i l u r e  mode can prevent  t r i p .  

concluded t h a t  t h e  a d d l t i o n a l  c l a r l f i r a t l o n  p rov ided  by t h e  P r o j e c t  makes t h i s  

response acceptable. 

The response 

The "Moni tor"  system i s  n o t  p l a n t  p r o t e c t i o n  system b u t  1s  

We have 
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(4) The secondary reactor shutdown system logic is not periodically tested but is 
continuously monitored for failures by noting the presence or absence of the 
AC logic signal. Provision has also been made for complete shutdown testing 
of the overall system at shutdown intervals o f  about 90 days. We have found 
this acceptable. 

(5) The manual scram button provided for the FFTF was unusual in that a single 
actuator device could actuate all four manual scram switches. Two of these 
manual scram switches are assigned to the primary reactor shutdown system and 
two to the secondary reactor shutdown system with one switch in each logic 
train. We were concerned that the single actuating device could be a source 
of common mode failure and that sufficient physical isolation between redun- 
dant switches existed. 
itself on a sitc? visit and found that each switch was located in an individual 
steel-walled cell and thus protected against propagation of conditions from 
one switch cell to another. We also concluded that no credible single failure 
could prevent a manual scram from being initiated since each of the four 
switches could be individually activated independently of the common actuator. 
We found this response acceptable. 

We examined drawings of the device and the device 

(6) We requested that additional information specifying the range of radiation 
environment to which those plant protection system instruments exposed to high 
radiation are designed to operate through. 
additional information regarding the qualification of plant protection system 
instrumentation that is exposed to high radiation levels as well as instru- 
mentation inside containment that may he exposed to pressures greater than one 
atmosphere in revised Section 3.10 of the Final Safety Analysis Report. 
Although we have not completed our review o f  this revised section, we believe 
there is sufficient basis to conclude that the equipment is adequately 

this matter in'a supplement to this report. 

We had earlier found the use of resistor buffering between'safety and 
non-safety'related equipment and circuits to be unsatisfactory. 
reviewed additional informa ion which showed this buffering to be used only to 
isolate certain test points through which portable test equipment is connected 

that strict procedures will limit the connection of such test equipment to no 
more than one channel at a time and that such channels that are being tested 
will be placed in a tripped condition. 
usage was acceptable. 

The Project has provided 

peryorlits function. We will report our final conclusions in 

(7) 
However we 

to 'the platt protection sys I em comparators for test and calibration purposes, 
We then concluded that this limited 

(8) We were concerned about the lifetime and replacement schedule for fission 
chambers used in the low level flux monitor and in the wide range flux 
monitor. The Project supplied additional information regarding the maximum 
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f l u x ,  r e a c t i o n  r a t e  and r e d u c t i o n  i n  s e n s i t i v i t y .  We have reviewed t h i s  

i n f o r m a t i o n  and concluded t h a t  t h e  l i f e t i m e  and replacement schedule i s  

acceptable. 

(9) We had requested t h a t  Table 7.3-3 be r e v i s e d  t o  i nc lude  system accuracies and 

t h a t  these values and those i n  Table 7.3-4 be compared t o  those used f o r  t h e  

h o t  channel ana lys i s .  

t h a t  showed t h e  values used i n  t h e  h o t  channel ana lys i s  t o  be conservat lve.  

We f i n d  t h i s  response acceptable. 

The t a b l e  was rev i sed  and t h e  comparison was presented 

(10) The p r imary  and secondary l oop  flows a re  measured by magnetic f lowmeters. 

V a r i a t i o n  i n  magnetic f i e l d  can a f f e c t  t h e  accuracy o f  these f l o w  meters; 

t h e r e f o r e  we requested i n f o r m a t i o n  on how t h e  magnetic f i e l d  w i l l  be monitored 

and necessary c o r r e c t i o n s  madel t o  t h e  i n d l c a t e d  f low.  

s t a t e d  t h e  magnetic f i e l d  f l u x  w i l l r b e  measured cont inuously  w i t h  a gaussmeter, 

c o r r e c t i o n  w i l l  be a d i r e c t  p r o p o r t i o n a l  change i n  f l o w  s igna l  w i t h  magnetic 

f i e l d  f l u x  change and an i n - s i t u  c a l i b r a t i o n  w i l l  be performed a f t e r  i n s t a l l a -  
t i o n .  A l l  gaussrneter and flowmeter components a re  designed t o  w i ths tand  t h e  

r a d i a t i o n  environment f o r  t h e  proposed 20-year l i f e .  

were shown t o  be adequate f o r  t h e  environment. 

response i s  acceptable. 

The P r o j e c t ' s  response 

Magnet s p e c i f i c a t i o n s  

We have concluded t h a t  t h i s  

(11) I n  response t o , o u r  request  t he  P r o j e c t  prov ided a d d i t i o n a l  i n f o r m a t i o n  on t h e  

l i n e a r i t y  and accuracy o f  t he  I n d u c t i v e  probes used f o r  sodium l e v e l  

determinat ion.  C a l i b r a t i o n  w i l l  be checked p e r i o d i c a l l y  aga ins t  t h e  known 

r e a c t o r  vessel l e v e l  when sodium I s  a t  t h e  ove r f l ow  l e v e l .  We have found t h i s  

acceptable. 

(12) The P r o j e c t  had n o t  made p r o v i s i o n s  i n  t h e  i ns t rumen ta t i on  systems f o r  p e r i o d i c  

t e s t i n g  o f  t h e  t ime  response o f  i t s  s a f e t y - r e l a t e d  sensors a f t e r  they have 

been i n s t a l l e d  t o  v e r i f y  t h e i r  cont inued a b i l i t y  t o  respond w i t h i n  t h e  t ime  

range assumed i n  the  s a f e t y  ana lys i s .  However, normal response t e s t s  a re  

considered t o  be i m p r a c t i c a l  due t o  welded cons t ruc t i on .  We reconllnend t h a t  

t h e  va r ious  sensors be cha rac te r i zed  d u r i n g  p reopera t i ona l  t e s t i n g  such t h a t  

s i m i l a r  parameters can be compared d u r i n g  t r a n s i e n t  events such as scram t o  

demonstrate t h a t  no degradat ion o f  t h e  response t imes has occurred. 

We have concluded t h a t  t h e  P r o j e c t ' s  d e s c r i p t i o n ,  deslgn and implementation o f  t h e  

r e a c t o r  shutdown systems meet the  I n t e n t  o f  s t a f f  requirements and are acceptable. 

7.3 Engineered Safety  Feature Systems 

Th is  p l a n t  i s  unusual i n  t h a t  i t  depends l a r g e l y  on pass ive measures f o r  decay heat  

removal, redu.ct ion of o f f s i t e  r a d i o l o g i c a l  consequences and o the r  s a f e t y - r e l a t e d  
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funct ions.  

a c t i v e  engineered s a f e t y  features.  

(1) t he  containment i s o l a t i o n  system, (2) t h e  decay heat  removal system and (3) t he  

i n t e r i m  decay storage tank n a t u r a l  convect ion c o o l i n g  system. 

As a r e s u l t ,  compared t o  a l i g h t  water r e a c t o r  t he re  a re  very few 

These a c t i v e  engineered s a f e t y  fea tu res  are: 

The removal o f  decay heat  from the  r e a c t o r  can be done through n a t u r a l  convect ion 

o f  t he  sodium coo lan t  t o  t r a n s f e r  t he  heat t o  t he  dump heat exchanger. 

ana lys i s  has been done regard ing t h i s  mode o f  heat  t r a n s f e r  and extens ive v e r i f i -  

c a t i o n  t e s t i n g  i s  t u  be done t o  c o n f i r m  i t s  v i a b i l i t y .  

Containment i s o l a t i o n  i s  s t a t e d  t o  be necessary o n l y  t o  c o n f i n e  p o t e n t i a l  re leases 

of r a d i o a c t i v i t y  from the  r e a c t o r  and thereby reduce the  o f f s i t e  r a d i o l o g i c a l  

consequences of accidents  o r  o the r  design events. 

pass ive r e q u i r i n g  on ly  a minimum o f  e l e c t r i c  o r  o the r  mot ive power t o  p o s i t i o n  

valves. 

Subs tan t i a l  

I t s  accomplishment i s  r e l a t i v e l y  

The i n t e r i m  decay storage convect ive c o o l i n g  a l so  requ i res  o n l y  t h e  opening o f  two 

ou t  o f  four  so leno id  operated valves t o  e s t a b l i s h  t h e  n a t u r a l  c i r c u l a t i o n  p a t h  i n t o  

t h e  containment b u i l d i n g .  

Our rev iew of t he  i n f o r m a t i o n  normal ly  presented i n  Sect ion 7.3 has developed these 

concerns: 

The d e s c r i p t i o n  o f  t h e  engineered s a f e t y  fea tu res  i n t e r i m  decay storage c e l l  

tank c o o l i n g  system presented i n  the  F i n a l  Safety  Analys is  Report was n o t  

c l e a r  w i t h  regard t o  the  engineered s a f e t y  fea tu res  c o o l i n g  system opera t i on  

and t h e  i ns t rumen ta t i on  prov ided t o  moni tor  and c o n t r o l  i t s  operat ion.  

P r o j e c t  modif ied and supplemented the  d i scuss ion  and presented a b lock  diagram 

o f  t he  inst rumentat ion.  We have reviewed t h i s  a d d i t i o n a l  i n f o r m a t i o n  and have 
concluded t h a t  i t  i s  acceptable. 

The d e s c r i p t i o n  o f  t h e  heat  t r a n s f e r  system s t a t e d  t h a t  " c o n t r o l "  c i r c u i t r y  

system. 

independence o f  t h e  p l a n t  p r o t e c t i o n  system and o f  unacceptable i n t e r a c t i o n  

The 

I _  ' 

wer were used i n  the  heat  t r a n s f e r  system prime mover t r i p  

The s t a f f  .was concerned about t h e  p o s s i b i l i t y  o f  compromising the  

, .  
, .between c o n t r o l  a n d - p r o t e c t i o n  systems. I n  response t o  our  request  t h e  P r o j e c t  

d 

(3) 

i t j g n a l  d e s c r i p t i o n  and diagrams t h a t  <showed t h e r e  was no com- 

dence, ng n t e r a c t i o n  between c o n t r o l  and p r o t e c t i o n  systems 
n s js tem p o r t i o n s  o f  t h e  systems remained redundant 

i n g l e  f a i l u r e  c r i t e r i o n .  We f i n d  t h i s  acceptable. 

i n fb rma t ion  o? the  containment i s o l a t i o n  system 

sors, sensor i o c a t i o n ,  s e n s i t i v i t y ,  t r i g g e r  l e v e l s ,  regard ing d e s c r i p t  

d e s c r i p t i o n  o f  s igna l  hand l i ng  equipment and i d e n t i f i c a t i o n  and d e s c r i p t i o n  o f  

, 
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(4) 

f i n a l  actuated devices. 

t h a t  t r i g g e r  l e v e l s  a re  g i ven  i n  the  t e c h n i c a l  s p e c i f i c a t i o n s  and gave references 

t o  sec t i ons  o f  System Design D e s c r i p t i o n  99 t o  p rov ide  a d d i t i o n a l  i n f o r m a t i o n  

on t h e  containmenL i s o l a t i o n  5ystem. 
re ferences t o  Sect ion 2-1 and Table 2-IXA o f  System Design Desc r ip t i on  99 and 

Table 6.5-3 f o r  a d d i t i o n a l  d e s c r i p t i o n  o f  t r i g g e r  l e v e l s  and f i n a l  actuated 

devices. We f i n d  t h i s  acceptable. 

Our concern about t h e  r e l a t i o n s h i p  o f  t r i p  s e t p o i n t s  t o  l i m i t i n g  cond i t i ons  

f o r  ope ra t i on  ( s a f e t y  l i m i t s )  and t h e  i n c o r p o r a t i o n  o f  e r r o r s ,  inaccurac ies 

and u n c e r t a i n t i e s  i n t o  t h e  de te rm ina t ion  o f  s e t p o i n t s  extended t o  engineered 

s a f e t y  fea tu res  i n i t i a t i o n  c i r c u i t s  a lso.  

sented i n  Sect ion 7.2.5(2) o f  t h i s  r e p o r t  s i m i l a r l y  app l i es  t o  t h i s  concern. 

The response i d e n t i f i e d  i n i t i a l  parameters, s t a t e d  

The response w i l l  be mod i f i ed  t o  add 

The d iscuss ion and r e s o l u t i o n  pre-  

The d i scuss ion  and r e s o l u t i o n  presented i n  Sec t i on  7.2.5(8) o f  t h i s  r e p o r t  f o r  

t he  r e a c t o r  shutdown system app l i es  equa l l y  t o  any s i m i l a r  uses o f  r e s i s t o r  
b u f f e r i n g  i n  the  engineered s a f e t y  fea tu res  i n i t i a t i o n  system. 

We were concerned t h a t  t he  independence o f  t he  redundant i n t e r i m  decay s torage 

temperature m o n i t o r i n g  system cou ld  be compromised by t h e  use o f  a common 

th imb le  i n  t h e  i n t e r i m  decay s torage vessel. 

s i t e  f o r  a common mode f a i l u r e .  A d d i t i o n a l  i n f o r m a t i o n  prov ided by t h e  P r o j e c t  

i n d i c a t e d  t h a t  t h e  temperature mon i to r i ng  system i s  used o n l y  f o r  mon i to r i ng ,  

performs no i n i t i a t i n g  f u n c t i o n  and has no e f f e c t  on the  opera t i on  o f  t h e  

emergency engineered s a f e t y  fea tu res  i n t e r i m  decay s torage c o o l i n g  system. 

Emergency i n t e r i m  decay s torage c o o l i n g  can be i n i t i a t e d  independently o f  t h e  

temperature moni tor .  

alarms a re  provided. 

It a l s o  appeared t o  be a p o t e n t i a l  

These moni tors  a re  t e s t e d  monthly and up- and down-scale 
We t h e r e f o r e  conclude t h a t  t h i s  i s  acceptable. 

(7a) The opera t i on  o f  t h e  hea t ing  and v e n t i l a t i n g  i ns t rumen ta t i on  system appeared 

t o  be necessary t o  assure c losu re  of  t h e  hea t ing  and v e n t i l a t i n g  containment 

i n l e t  and exhaust i s o l a t i o n  valves. 

rega rd ing  t h e  assignment o f  power sources i n  such a manner as t o  n o t  compromise 

t h e  independence of redundant i ns t rumen ta t i on  systems. 

t h a t  t h e  opera t i on  o f  these va lves was completely contro1:ed by the  containment 

i s o l a t i o n  system and t h e r e  was no connect ion t o  t h e  hea t ing  and v e n t i l a t i n g  

i ns t rumen ta t i on  system t h a t  cou ld  a f f e c t  t he  opening o r  c l o s i n g  o f  these 

valves. 

We requksted a d d i t i o n a l  i n f o r m a t i o n  

The response s t a t e d  

We t h e r e f o r e  conclude t h a t  t h i s  i s  acceptable. 

(7b We were a l s o  concerned t h a t  t h e  hea t ing  and v e n t i l a t i n g  system ins t rumen ta t i on  

and c o n t r o l  eqbipment ( i n c l u d i n g  t h e  r a d i a t i o n  moni tor  and t h e  c h l o r i n e  and 

sodium ox ide de tec to rs )  t h a t  f unc t i ons  t o  i s o l a t e  t h e  c o n t r o l  area may n o t  be 

q u a l i f i e d  t o  remain operable through a design bas i s  seismic event  o r  tornado. 
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We b e l i e v e  c o n t r o l  room h a b i t a b i l i t y  i s  a s a f e t y  f u n c t i o n  and recommend t h a t  

t h e  i ns t rumen ta t i on  and c o n t r o l  equipment t h a t  f unc t i ons  t o  i n i t i a t e  i s o l a t i o n  

o f  t h e  c o n t r o l  room should be Class IE. The P r o j e c t  has agreed t o  p rov ide  

Class 1E power t o  t h e  r a d i a t i o n  de tec to rs  and sodium aerosol  de tec to r .  The 

c h l o r i n e  de tec to r  w i l l  be p rov ided  by c o n t r o l  power. We f i n d  t h i s  acceptable. 

We a re  concerned t h a t  t he  procedure f o r  hand l i ng  containment i s o l a t i o n  system 

c i r c u i t s  and equipment t h a t  do n o t  meet the  r e l i a b i l i t y  requirements of 

MIL HDBK 217 have n o t  been s t a t e d  i n  the  F i n a l  Sa fe ty  Analys is  Report. 

recommend t h a t  t h e  P r o j e c t  i d e n t i f y  i n  the  F i n a l  Safety  Analys is  Report t he  

equipment t h a t  d i d  n o t  have i t s  r e l i a b i l i t y  v e r i f i e d  f o l l o w i n g  t h e  procedures 

o f  MIL HDBK 217 and where s i m i l a r i t y  t o  q u a l i f i e d  devices o r  equipment i s  used 

as t h e  bas i s  f o r  n o n - v e r i f i c a t i o n .  

should be s t a t e d  and shown t o  have no e f f e c t  on the  o v e r a l l  r e l i a b i l i t y .  The 

P r o j e c t  has agreed t o  p rov ide  t h i s  i n f o r m a t i o n  and we c o n d i t i o n a l l y  f i n d  t h i s  

commitment acceptable assuming we do n o t  f i n d  d i s s i m i l a r i t y .  

The F i n a l  Safety  Analys is  Report i m p l i e d  t h a t  t he  i n t e r i m  decay s torage heat  

removal i ns t rumen ta t i on  may n o t  be requ i red  t o  operate a f t e r  a tornado o r  

se ismic event. 

i n fo rma t ion  t h a t  s t a t e d  t h a t  t he  i n t e r i m  decay s torage temperature mon i to r i ng  

system was powered from Class I E  power and p rov ided  w i t h  b o t h  seismic q u a l i -  

f i c a t i o n  and tornado p r o t e c t i o n .  

We 

The d i f f e r e n c e s  from the  q u a l i f i e d  equipment 

I n  response t o  our  request, t he  P r o j e c t  prov ided c l a r i f y i n g  

We conclude t h a t  t h i s  i s  acceptable. 

The F i n a l  Safety  Ana lys i s  Report d i d  n o t  s t a t e  what measures would be taken t o  

prevent  i nadve r ten t  o r  unauthor ized d is turbance o r  maladjustment o f  c a l i b r a -  

t i o n s ,  gains, s e t p o i n t s  o r  s e n s i t i v i t i e s  o f  s a f e t y - r e l a t e d  inst ruments i n  t h e  

r e a c t o r  shutdown system, engineered s a f e t y  fea tu res  and a l l  o t h e r  sa fe ty -  

r e l a t e d  i ns t rumen ta t i on  systems. 

s t a t i n g  t h a t  such c o n t r o l s  and adjustments w i l l  be i n s i d e  racks t h a t  w i l l  be 

locked o r  r e q u i r e  t o o l s  t o  take  apar t .  

The P r o j e c t  has responded t o  t h i s  concern by 

We conclude t h a t  w i t h  t h e  preceding 

commitment t h i s  p o s i t i o n  i s  acceptable. 

We have concluded, that  t he  P r o j e c t ' s  desc r iD t ion ,  design and implementation o f  t he  

engineered s a f e t y  fea tu res  i ns t rumen ta t i on  system meet s t a f f  .requirements and a re  

acceptable. : 

7.4 Systems Required f o r  Safe Shutdowit 

Our rev iew o f  systems t h a t  f a l l  i n  t h i s  category developed these concerns t h a t  were 

pursued w i t h  t h e  P ro jec t :  

(1) The F i n a l  Sa fe ty  Ana lys i s  Report i n d i c a t e d  t h a t  a s i n g l e  125 v o l t  DC bus 
energizes t h e  c o n t r o l s  of t h e  c i r c u i t  breakers f o r  t h e  th ree  redundant c losed 

loop system inst rument  buses. I n  response t o  our request  t h e  P r o j e c t  supp l i ed  
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7.5 

a d d i t i o n a l  verbal  i n f o r m a t i o n  s t a t i n g  t h a t  these th ree  Inst rument  buses a re  

non-class I E  and do n o t  supply poker t o  t h e  p l a n t  p r o t e c t l o n  system i n p u t s  

from the  c losed  loop system. The P r o j e c t  has committed t o  r e d r a f t  t h i s  p o s i -  

t i o n  t o  c l a r i f y  t h i s  issue.  Since t h e  rev iew o f  t he  c losed loops has been 

deferred,  we w i l l  r e p o r t  f u r t h e r  on t h i s  sub jec t  I n  a supplement t o  t h i s  

r e p o r t .  

The F i n a l  Sa fe ty  Analys is  Report d i d  n o t  p resen t  i n fo rma t ion  about t h e  accuracy 

o f  t he  accelerometers, t h e  accuracy o f  t h e  t r i g g e r  l e v e l ,  d r i f t  o f  t h e  t r i g g e r  

u n i t s ,  c o n t i n u i t y  o f  power supply and how t h e  s l n g l e  f a l l u r e  c r i t e r l o n  was met 

f o r  t he  seismlc mon i to r i ng  system. Th is  a d d i t i o n a l  i n fo rma t ion  was p rov ided  

, i n  a t a b l e  i n  t h e  response and b a t t e r i e s  w i t h  a use fu l  l i f e  o f  one-hal f  hour 

have been p rov lded  i n  case o f  power f a l l u r e .  

p r o b a b i l i t y  o f  occurrence o f  an earthquake i s  low. It has a l so  been s t a t e d  

t h a t  i n  t h e  event o f  occurrence o f  a selsmic event comparisons can be made 

aga ins t  records from a t  l e a s t  f o u r  o the r  s i t e s  I n  the  immediate-area. 
t h e  peak read ing  Inst rument  i s  complete ly  independent o f  a l l  o the r  i n s t r u -  

ments. We have concluded t h a t  t h i s  I s  acceptable. 

7 

(2) 

It has been s t a t e d  t h a t  t h e  

Also 

(3 )  Wlth rega rd  t o  meeting t h e  requirements o f  General Design C r i t e r i o n  19, 

"Contro l  Room," app rop r ia te  c o n t r o l s  t o  shut  down t h e  reac to r ,  I s o l a t e  t h e  

containment and remove decay heat  have been loca ted  ou ts ide  t h e  c o n t r o l  room. 

These c o n t r o l s  have been so designed t h a t  damage t o  equipment l oca ted  i n  t h e  

c o n t r o l  room w i l l  n o t  i n t e r f e r e  w i t h  t h e i r  use t o  per form t h e i r  s a f e t y - r e l a t e d  

func t i on .  We conclude t h a t  t h e  P r o j e c t  has complied w i t h  t h e  I n t e n t  o f  General 

Design C r i t e r i o n  19. 

We have concluded t h a t  t h e  P r o j e c t ' s  d e s c r i p t i o n ,  deslgn and implementation o f  t h e  

systems r e q u l r e d  f o r  safe shutdown meet t h e  I n t e n t  o f  s t a f f  requirements and a re  

acceptable. 

Safety-Related D isp lay  Ins t rumen ta t i on  

The F i n a l  Safety  Ana lys i s  Report d i d  n o t  have a Sec t i on  7.5 i n  which a l l  

s a f e t y - r e l a t e d  d i s p l a y  l ns t rumen ta t l on  was presented and discussed. 

t h e r e f o r e ,  attempted t o  draw from o the r  sec t i ons  t h e  issues r e l a t l n g  t o  t h l s  

category and p resen t  them as fo l l ows :  

We,have, 

(1) I n  our rev iew o f  Sec t i on  7.1.1 o f  t h e  F i n a l  Safety  Analys is  Report we had n o t  

, found adequate i d e n t i f i c a t i o n  o f  c r i t i c a l  and post -acc ldent  mon i to r i ng  i n s t r u -  

mentation. The P r o j e c t  r e v i s e d  Tables 7.1-3 and 7 .4 -1  and p rov ided  references 

t o  them. We have reviewed t h i s  response and a re  concerned t h a t  It may n o t  be 

complete I m t h a t  no i n d i c a t i o n  o f  c o n t r o l  r o d  p o s i t i o n  o r  v e r i f i c a t i o n  o f  f u l l  

i n s e r t i o n  o f  t h e  rods I n  t h e  core I s  provided. Absolute rod p o s l t i o n  1s one 

method o f  shutdown v e r i f i c a t i o n .  An a l t e r n a t l v e  method I s  f l u x  measurement. 
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The P r o j e c t  has committed t o  p r o v i d i n g  a method o f  determin ing shutdown s ta tus  

w i t h i n  the  c o n t r o l  room. 

grade. The commitment i s  acceptable t o  t he  s t a f f .  We w i l l  address t h e  method 

se lec ted  i n  a f u t u r e  supplement. 

We recommend t h a t  t h e  method proposed be s a f e t y  

(2) Our rev iew o f  Sect ion 7.1.4 o f  t h e  F i n a l  Safety  Analys is  Report developed 

these concerns: (a) t he  design o f  t h e  containment i s o l a t i o n  system va lve  

p o s i t i o n  i n d i c a t i o n  c i r c u i t s  d i d  n o t  p r o t e c t  thern from General Design 

C r i t e r i o n  2 events (tornados) and energ ize them from Class I E  power sources 

and (b)  s u f f i c i e n t  d e s c r i p t i o n  was n o t  presented i n  t h e  F i n a l  Safety  Analys is  

Report t o  assure t h a t  t h e  design o f  t he  containment i s o l a t i o n  system va lve  

p o s i t i o n  i n d i c a t i n g  c i r c u i t s ,  p i l o t  solenoids and e l e c t r i c  operators  would n o t  

compromise t h e  independence o f  t h e  systems through t h e  power sources. Fu r the r  

c l a r i f i c a t i o n  p rov ided  by t h e  P r o j e c t  s t a t e d  that, t h e  c o n t r o l  c i r c u i t s  a re  

Class I E  b u t  t h e  p o s i t i o n  i n d i c a t o r s  are not .  

i s  p rov ided  by c o n t r o l  power. 

t h a t  assurance i s  g iven t h a t  f a l s e  i n d i c a t i o n s  w i l l  n o t  occur on l o s s  o f  power 

and t h a t  t h e  f a c i l i t y  w i l l  be p rov ided  w i t h  weather i n f o r m a t i o n  t o  shut  down 

when tornado conati t ions p r e v a i l .  We f ind  t h i s  sest o f  c o n d i t i o n s  acceptable. 

P o s i t i o n  i n d i c a t i o n  and d i s p l a y  

We f i n d  t h i s  acceptable f o r  t h e  FFTF p r o v i d i n g  

(3) The desc r ip ton  o f  how t h e  bypass and inoperable c o n d i t i o n  i n d i c a t i o n  as recom- 

mended by Regulatory Guide 1.47 has been implemented f o r  t h e  p l a n t  p r o t e c t i o n  

system and o the r  s a f e t y - r e l a t e d  systems was incomplete. The P r o j e c t  w i l l  
modi fy  t h e  F i n a l  Safety  Analys is  Report t o  s t a t e  t h a t  no bypass i n d i c a t i o n  

w i l l  be prov ided f o r  t h e  engineered s a f e t y  fea tu res  s ince  i t  i s  n o t  poss ib le  

t o  bypass any engineered s a f e t y  f e a t u r e  func t i ons .  P l a n t  p r o t e c t i o n  system 

bypasses and s t a t u s  a re  con t inuous ly  i n d i c a t e d  on t h e  c o n t r o l  console o r  on 

t h e  p l a n t  p r o t e c t i o n  system s ta tus  panel l oca ted  i n  f r o n t  o f  t h e  c o n t r o l  
console. 
p r o t e c t i v e  func t i ons  i n  one channel o f  a c losed loop system. Also t h e  s t a t u s  

o f  a l l  p r o t e c t i v e  fea tu res  f o r  a c losed  loop  i s  d i sp layed  on t h e  p l a n t  p ro tec -  

t i o n  system s t a t u s  panel. For "experimenter t r i p s "  t h e  P r o j e c t  s t a t e s  t h a t  

these are merely (mused p r o t e c t i v e  func t i ons  f o r  which no'analog i n p u t s  are 

provided. These channels have t h e i r  comparators w i r e d  t o  be always r e s e t  and 

no bypass s t a t u s  i s  prov ided f o r  them. It has been s t a t e d  that 'when and i f  

these t r i p s  a re  used approp r ia te  p l a n t  w i r i n g  changes w i l l  be made t o  conform 

t o  a l l  p l a n t  p r o t e c t i o n  system requirements. We have reviewed r e v i s i o n s  t o  

t h e  F i n a l  Sa fe ty  Analys'is Report i n  t h i s  regard and have concluded t h a t  t h e  

response i s  acceptable. 

The r e v i s i o n  w i l l  make c l e a r  t h a t  one bypass p l u g  w i l l  bypass a l l  

(4) Sect ion 7.3.2.1 o f  t h e  F i n a l  Safety  Analys is  Report d id  n o t  s p e c i f y  what t h e  

se lec ted  of f -normal  parameters t o  be annunciated were. 

l i s t i n g  o f  these parameters. 

acceptable. ' 

The P r o j e c t  prov ided a 

We have reviewed t h i s  l i s t i n g  and found i t  t o  be 
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The emergency hatch I n  the  equipment a i r l o c k  was s t a t e d  t o  be manually 

operated and was n o t  p rov ided  w i t h  p o s i t i o n  i n d i c a t i o n  i n  the  c o n t r o l  room. 

Th is  design has been reb i sed  t o  i nc lude  p o s i t i o n  i n d i c a t i o n  f o r  t he  a i r l o c k  

doors and t h e  emergency hatch which i n d i c a t e s  and i s  annunciated i n  t h e  con- 

t r o l  room I n  the  event  of b o t h  doors on t h e  personnel a i r l o c k  being open, 

e i t h e r  door o f  t h e  emergency a i r l o c k  being open w i t h  the  i nne r  door, o u t e r  

door o r  escape hatch o f  t he  equipment a i r l o c k  open. 

f u n c t i o n  and I s  acceptable. 

Th is  i s  redundant f o r  t he  

We be l i eved  t h a t  p o r t i o n s  o f  t h e  p l a n t  annunciator  systems func t i oned  as 

s a f e t y - r e l a t e d  d i s p l a y  i ns t rumen ta t i on  and as post -acc ident  mon i to r i ng  s ince  

they  supply i n f o r m a t i o n  t o  a i d  t h e  operators  i n  t a k i n g  manual s a f e t y - r e l a t e d  

ac t i ons .  The P r o j e c t  supp l i ed  a d d i t i o n a l  i n f o r m a t i o n  s t a t i n g  t h a t  no p a r t  o f  

t h e  p l a n t  annunciator  system suppl ies s a f e t y - r e l a t e d  i n f o r m a t i o n  o r  f unc t i ons  

as post -acc ident  moni tor ing,  t h e r e f o r e  It should n o t  be requ i red  t o  meet 

s a f e t y  c r i t e r i a .  The i n f o r m a t i o n  f u r t h e r  s t a t e d  t h a t  a l l  engineered s a f e t y  

fea tu res  and pos t -acc iden t  mon i to r i ng  parameters d i d  r e q u i r e  d i s p l a y  i n  t h e  

c o n t r o l  room under b o t h  se ismic and tornado c o n d i t i o n s  and t h a t  t h i s  equipment 
and I t s  power supply meet t h e  c r i t e r i a  f o r  Class IE equipment. 

concluded t h a t  t h i s  I s  acceptable. 

We have 

We have concluded t h a t  t h e  P r o j e c t ' s  d e s c r i p t i o n ,  design and implementation of t h e  

s a f e t y - r e l a t e d  d i s p l a y  i ns t rumen ta t i on  systems w i l l  meet s t a f f  requirements and 

w i l l  be acceptable. 

7.6 A l l  Other Ins t rumen ta t i on  Systems Required f o r  Safety  

The F i n a l  Sa fe ty  Analys is  Report d i d  n o t  have a Sect ion 7.6 I n  which " A l l  Other 

Systems Required For  Safety"  were presented and discussed. We have t h e r e f o r e  

attempted t o  draw from o the r  sec t i ons  t h e  issues r e l a t e d  t o  t h i s  category and 

p resen t  them as fo l l ows :  

(1) Sec t i on  7.1.4 of t h e  F i n a l  Sa fe ty  Analys is  Report r e f e r r e d  t o  " c e r t a i n  bypasses." 

We requested a d d i t i o n a l  i n f o r m a t i o n  i d e n t i f y i n g  these bypasses, s t a t i n g  when 

they  a re  I n i t i a t e d  and removed, d e s c r i b i n g  t h e i r  l o g i c  and s t a t u s  i n d i c a t i o n  

and l i s t i n g  t h e  c i r c u i t s  and equipment t h a t  would be a f f e c t e d  by opera t i on ,  

f a i l u r e  t o  operate, removal o r  f a l l u r e  t o  be removed. 

re fe rence  t o  a new F i n a l  Safety Analys is  Report t a b l e  t h a t  i d e n t i f i e d  and 

s t a t e d  when they were t o  be i n i t i a t e d  and removed. F igures have been added 

showing t h e  l o g i c ,  bypassing and s ta tus  i n d i c a t i o n .  A l l  r e a c t o r  shutdown 

system and heat  t r a n s f e r  system shutdown c i r c u i t s  a r e  s t a t e d  t o  be a f f e c t e d ,  

t h e  bypasses a re  channel ized and o n l y  one channel a t  a t ime  can be a f f e c t e d  by 

random f a l l u r e .  It i s  s t a t e d  t h a t  comparators a re  a u t o m a t i c a l l y  r e s e t  a f t e r  

t r i p  b u t  t h e  a d d l t l o n a l  i n f o r m a t i o n  s t a t e s  t h a t  t h e  channel t r i p  i n d i c a t i o n  i s  

r e t a i n e d  and must be manually rese t .  

The response p rov ided  a 

We f i n d  t h i s  response acceptable. 
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We requested a d d i t i o n a l  i n f o r m a t i o n  rega rd ing  t h e  range o f  d is turbance condi- 

t i o n s  t o  be accommodated and the  c o n t r o l  l i m i t s  f o r  t he  dump heat  exchanger 

c o n t r o l s ,  i n t e r l o c k  o r  permiss ive func t i ons  and hardware redundancy p rov ided  

t o  l i m i t  ac tua l  p l a n t  t r a n s i e n t s  r e s u l t i n g  froin causes g i ven  i n  I t em 820 o f  

f i n a l  Safety  Ana lys i s  Report Sect ion 7.2.1.1.2. The response presented 

a d d i t i o n a l  i n f o r m a t i o n  t h a t  descr ibed t h e  ac t i ons  and equipment needed t o  

reduce p l a n t  t r a n s i e n t s  due t o  t h e  l i s t e d  mal funct ions.  

response acceptable. 

We found t h i s  

(3) The F i n a l  Safety  Ana lys i s  Report s t a t e d  t h a t  f o r  t h e  c losed  loop system when 

t r a n s f e r  o f  co r i t ro l  t o  an a u x i l i a r y  c i r c u i t  does occur and a s i l e n t  f a i l u r e  

e x i s t s  i n  t h e  switched t o  c i r c u i t ,  a scram w i l l  r e s u l t  i n  some instances.  We 

requested t h a t  these instances be i d e n t i f i e d  as w e l l  as those where scram does 

n o t  r e s u l t  and t h a t  j u s t i f i c a t i o n  be p rov ided  f o r  those cases where scram does 

n o t  resudt .  The response i s  n o t  s a t i s f a c t o r y  i n  t h a t  t h e  cases have n o t  been 

i d e n t i f i e d  and t h e  j u s t i f i c a t i o n  s t a t e d  i s  that. i n  t h e  worst  case a s i l e n t  

f a i l u r e  i n  con junc t i on  w i t h  a f a i l u r e  o f  t h e  normal c o n t r o l  system w i l l  cause 

a scram. These cases should be i d e n t i f i e d  and s p e c i f i c  d e s c r i p t i o n  o f  how 

s a f e t y  i s  s t i l l  guaranteed by t h e  p l a n t  p r o t e c t i o n  system be presented. 

rev iew o f  t he  c losed  loop  has been deferred.  

w i t h  t h e  P r o j e c t  and we w i l l  r e p o r t  on i t  i n  a supplement t o  t h i s  r e p o r t .  

The 

l h i s  i s  t o  be pursued f u r t h e r  

(4) The i n f o r m a t i o n  g i ven  rega rd ing  measurements made by the  heat  t r a n s f e r  system 

ins t rumen ta t i on  system d i d  n o t  i nc lude  accuracies and t h e r e  was no d i r e c t  

comparison o f  these values t o  those used i n  t h e  h o t  channel f a c t o r  ana lys i s .  

The P r o j e c t ' s  response mod i f i ed  Table 7.3-3 t o  i nc lude  t h e  accurac ies and 

s t a t e d  t h a t  t he  accuracies presented i n  Tables 7.3-3 and 7.3-4 i nc luded  a l low-  

ances f o r  t h e  i n d i c a t o r  accuracy. 

a n a l y s i s  i nc luded  a d d i t i o n a l  al lowance beyond those f o r  t he  i n d i c a t o r s  and 

hence were conservat ive.  We f i n d  t h i s  response acceptable. 

We had requested t h a t  t h e  accuracy o f  t h e  seconldary h o t  and c o l d  l e g  tempera- 

t u r e  measurements be provided. 

these accurac ies were w e l l  w i t h i n  t h e  r e q u i r e d  accuracies f o r  t h e  h o t  channel 

f a c t o r  evaluat ion.  We f i n d  t h i s  acceptable. 

The values used i n  t h e  h o t  channel f a c t o r  

(5) 
The response p rov ided  these and showed t h a t  

(6) We a l s o  asked about t h e  s a f e t y  s i g n i f i c a n c e  o f  t h e  f l o w  measurement i n  t h e  
i n te rmed ia te  heat  exchanger r e c i r c u l a t i o n  l i n e .  

t o  assure t h a t  p lugg ing  o f  t h i s  l i n e  does n o t  occur and b l o c k  t h e  v e n t i n g  o f  

gas from t h e  top1 o f  t h e  i n te rmed ia te  heat  exchanger. There a re  no p r o v i s i o n s  

made f o r  a larming on loss o f  f l o w  b u t  readout i s  t o  be made once p e r  s h i f t  by 

an opera to r  from a l o c a l  panel i n  t h e  containmerrt. We f i n d  t h e  commitment 

t o  v e r i f y  by-pass f l o w  once pe r  s h i f t  t o  be acceptable. 

The f l o w  measurement i s  made 
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We had requested t h a t  b r i e f  d e s c r i p t i o n s  o f  component ins t rumenta t ion  and 

i n t e r l o c k s  ' re fe r red  t o  i n  I t e m  I o f  F i n a l  Safety  Analys is  Report Sect ion 7.3.2.2.2 

be prov ided and t h e i r  s a f e t y  s i g n i f i c a n c e  be discussed. 

t h i s  Ins t rumenta t ion  and i n t e r l o c k s  and prov ided d iscuss ions o f  t h e i r  s a f e t y  

s l g n i f l c a n c e .  

The response descr ibed 

We found t h i s  response acceptable. 

We requested t h a t  i n f o r m a t i o n  be supp l ied  t h a t  showed the  energy dependence o f  

the  r a d i a t i o n  mon i to r ing  sensors, p a r t i c u l a r l y  t h a t  i t s  response a t  2.75 Mev 

( 

1.26 MeV. 

i n t e g r a t i o n  energy o f  2.75 MeV. 

24 Na) was no t  s i g n i f i c a n t l y  reduced w i t h  respect  t o  the  response a t  0.66 and 

The response was shown t o  be e s s e n t i a l l y  f l a t  o u t  t o  the  24Na d is -  

We f i n d  t h i s  acceptable. 

We b e l i e v e d  t h a t  the  r e a c t o r  serv ice  b u i l d i n g  exhaust moni tor  and con t ro l  room 

v e n t i l a t i o n  duct  mon i to r  per form s a f e t y - r e l a t e d  func t ions  and should t h e r e f o r e  

meet s a f e t y  system requirements. 

r a d i o l o g i c a l  consequences o f  the  worst  case event, assuming t h e  f a i l u r e  o f  the  

r e a c t o r  serv ice  b u i l d i n g  exhaust moni tor ,  were w i t h i n  the  requirements o f  10 

CFR P a r t  100. 
sa fe ty .  

The P r o j e c t  i n d i c a t e d  t h a t  the  o f f s i t e  

Therefore the  opera t ion  o f  t h i s  moni tor  i s  no t  r e q u i r e d  f o r  

We a l s o  requested a d d i t i o n a l  i n f o r m a t i o n  about the  mobi le  continuous a i r  

moni tors  t h a t  are l o c a t e d  i n  containment regard ing  t h e i r  q u a l i f i c a t i o n  f o r  and 

p o t e n t i a l  use as pos t -acc ident  m o n l t o r l n g  ins t rumenta t ion .  The response 

i n d i c a t e d  t h a t  they a r e  no t  in tended f o r  use as post -acc ident  mon i to r ing  

ins t rumenta t ion  and t h e r e f o r e  are n o t  q u a l i f i e d  as s a f e t y - r e l a t e d  equipment. 

We have found the  response regard ing  the  r e a c t o r  serv ice  but 1 d ing  exhaust 

mon i to r  and t h e  in-containment mobi le  continuous a i r  moni tors  acceptable. 

We a l s o  noted t h a t  t h r e e  ex-containment area moni tors  have been s p e c i f i c a l l y  

designated t o  supplement the  containment I s o l a t i o n  system moni tors  f o r  long- 

term pos t -acc ident  m o n i t o r i n g  ins t rumenta t ion  and no t  supp l ied  w i t h  Class 1E 

power. 

accomplish t h e  long- term pos t -acc ident  mon i to r ing  func t ion .  

commitment acceptable. 

The P r o j e c t  has committed t o  supply q u a l i f i e d  Class I E  moni tors  t o  

We f i n d  t h i s  

(10) Sec t ion  7.3.11.1.3 o f  t h e  F ina l  Safety  Analys is  Report s t a t e d  t h a t  port ion; o f  
t h e  i n e r t  gas ins t rumenta t ion  and c o n t r o l  system were r e q u l r e d  t o  be powered 

from the  zero t ime outage ( s a f e t y )  power system. 

showing how t h e  power feeds would b e a r r a n g e d  t o  preserve bo th  t h e  independ- 

ence o f  t h e  redundant l n s t t y m e n t a t i o n  and the  redundant power sources. 

P r o j e c t  responded t h a t  no p o r t i o n  o f  t h i s  Ins t rumenta t ion  was r e q u i r e d  f o r  

s a f e t y  and i n s t e a d  rece ived power from t h e  non-safety power system. 

Safety  Ana lys is  Report s e c t i o n  was t o  be mod i f ied  t o  so s ta te .  

er roneously  m o d i f i e d  the  wrong pages and w i l l  submit a c o r r e c t i o n .  

t h i s  response t o  be acceptable. 

We requested i n f o r m a t i o n  

The 

The F ina l  

The P r o j e c t  

We found 

n 
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(11) We have determined t h a t  t h e  c e l l  gas pressure, oxygen con ten t  humid i t y  and 

hydrogen con ten t  mon i to r i ng  systems a re  a f u n c t i o n  o f  normal p l a n t  c o n t r o l  and 

need n o t  be powered by IE power. 

(12) The F i n a l  Safety  Analys is  Repo-t has presented 1 - l t t l e  i n f o r m a t i o n  rega rd ing  

sodium leak  de tec t i on .  We b e l i e v e  t h a t  t h e  sodium i o n i z a t i o n  l eak  de tec to rs  

per form a s a f e t y - r e l a t e d  f u n c t i o n  and t h a t  more i information should be presented 

d e s c r i b i n g  t h e  power supply, i n d i c a t i o n ,  seismic and environmental q u a l i f i c a -  

t i o n  f o r  these devices. We b e l i e v e  t h a t  t h e  sodium i o n i z a t i o n  de tec to rs  

should be s a f e t y - r e l a t e d  and remain operable f o l l o w i n g  a sa fe  shutdown earthquake. 

We have concluded that. t h e  Project. design, d e s c r i p t i o n  and Implementation o f  " A l l  

Other Systems Requirecl f o r  Safety" a re  acceptable. 

Contro l  Systems Not Required f o r  Safety  

The c o n t r o l  systems used f o r  normal c o n t r o l  o f  t h e  opera t i on  o f  t h e  r e a c t o r ,  t he  

two c losed  loops, and t h e  heat  t r a n s f e r  system have n o t  been e x t e n s i v e l y  reviewed. 

The rev iew t h a t  has been done has concentrated ma in l y  on d f r e c t  i n t e r f a c e s  w i t h  t h e  

p l a n t  p r o t e c t i o n  system. 

systems t o  reveal  poss ib le  c o n t r o l  i n s t a b i l i t i e s  o r  f a i l u r e  modes t h a t  cou ld  respond 

i n  a manner t h a t  would worsen the  consequences o f  an i n c i d e n t  o r  t o  make the  t a s k  

o f  t h e  p l a n t  p r o t e c t i o n  system t o  l i m i t  these consequences more d i f f i c u l t .  

rev iew o f  drawings f o r  these c o n t r o l  systems was done. We b e l i e v e  t h a t  more 

a t t e n t i o n  should be g i ven  t o  per formlng such analyses o f  t h e  non-safety c o n t r o l  

systems o f  t h i s  reac to r .  

concerns: 

We have n o t  i n v e s t i g a t e d  t h e  dynamics o f  t h e  c o n t r o l  

L i t t l e  

The l i m i t e d  rev iew performed has developed t h e  f o l l o w i n g  

A d d i t i o n a l  i n fo rma t ion  supp l i ed  by the  P r o j e c t  shows t h a t  t h e  r e a c t o r  p l a n t  
c o n t r o l  system prov ides two independent means t o  l i m i t  t h e  r o d  wi thdrawal  

speed t o  l i m i t  the t r a n s i e n t s  caused by c o n t r o l  r o d  runaway. 

and h igh  f l u x - f l o w  r o d  Withdrawal b locks have'beeii prov ided t o  l i m i t  t h e  

consequences o f  i nadve r ten t  r o d  wi thdrawal  p r i o r  t o  t h e  need t o  scram. We 

have concluded t h a t  t h i s  i n f o r m a t i o n  i n d i c a t e s  t h a t  t he re<  i s  no i n t e r a c t i o n  

w i t h  t h e  p l a n t  p r o t e c t i o n  system and t h a t  t h e  c o n t r o l  system w i l l  l i m i t  t he  

e f f e c t  o f  t h i s  i n c i d e n t .  Th is  i s  acceptable. 

Also h i g h  f l u x  

The F i n a l  Safety  Analys is  Report, i n  Sect ion 7.2.1.2.1, i t em 5, r e f e r s  t o  

c i r c u i t s  f o r  in tersystem i n t e r l o c k s .  We requested t h a t  a d d i t i o n a l  d e s c r i p t i v e  

i n f o r m a t i o n  be p rov ided  so t h a t  we cou ld  determine t h a t  t h e  redundancy and 

independence o f  s a f e t y - r e l a t e d  systems were n o t  compromised by such i n t e r l o c k s .  

The response s t a t e d  t h a t  none o f  these I n t e r l o c k s  had any connect ion t o  the  

p l a n t  p r o t e c t i o n  system and t h a t  they a c t  t o  prevent  i nadve r ten t  ope ra to r  

a c t i o n  tha! i s  n o t  o p e r a t i o n a l l y  des i rab le .  

i n f o r m a t i o n  about i n t e r l o c k s  i n  t h e  c e n t r a l  room d r i v e  mechanism, pump c o n t r o l ,  

It a l s o  presented d e s c r i p t i v e  
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dump heat  exchanger c o n t r o l ,  p r imary  i s c l a t i o n  va l ve  and secondary i s o l a t i o n  

va l ve  c o n t r o l  systems. 

some o f  these i n t e r l o c k s  may be de r i ved  from p l a n t  p r o t e c t i o n  system s i g n a l  

sources they a re  p r o p e r l y  i s o l a t e d  from t h e  p l a n t  p r o t e c t i o n  system and the re  

i s  no c o n t r o l  a c t i o n  t h a t  ac ts  t o  i n h i b i t  o r  prevent  t he  performance o f  a 

s a f e t y  func t i on .  Th is  i s  acceptable. 

We have reviewed t h i s  i n f o r m a t i o n  and found t h a t  w h i l e  

(3) The F i n a l  Safety  Ana lys i s  Report, Sect ion 7.2.2.2.3, i d e n t i f i e d  severa l  

a u x i l i a r y  i ns t rumen ta t i on  systems f o r  t h e  c losed loop system b u t  presented no 

d e s c r i p t i v e  i n fo rma t ion  about them o r  no eva lua t i on  o f  t h e i r  s a f e t y  s i g n i f i -  

cance. We requested such a d d i t i o n a l  i n fo rma t ion  on these systems. The response 

s t a t e d  t h a t  these systems a re  n o t  s a f e t y - r e l a t e d  b u t  gave no s i g n i f i c a n t  

i n fo rma t ion  d e s c r i b i n g  t h e  systems and t h e i r  c o n t r o l  f unc t i ons .  The statement 

was made t h a t  any p e r t u r b a t i o n  t o  s t a b l e  c losed looppoperat ion by an anomaly 

i n  these systems would r e s u l t  i n  a p l a n t  p r o t e c t i o n  system r e a c t o r  t r i p ,  i f  

requ i red  t o  p r o t e c t  t h e  p u b l i c  h e a l t h  and safety .  

s u b s t a n t i a t i n g  t h i s  statement was g i ven  such as what pe r tu rba t i ons  were con- 

s idered,  p o t e n t i a l  f a i l u r e  modes, p o s s i b l e  c o n t r o l  system i n s t a b i l i t i e s  and 
how t h e  p l a n t  p r o t e c t i o n  system t r i p  would be a r r i v e d  a t .  

response on t h e  c losed  loop  system c o n t r o l  systems t o  be inadequate. 

r e q u i r e  a d d i t i o n a l  i n f o r m a t i o n  as o u t l i n e d  above be fo re  we can eva lua te  the  

s a f e t y  s i g n i f i c a n c e  o f  these systems. The rev iew o f  t he  c losed loops has been 

deferred.  We w i l l  rev iew t h i s  a d d i t i o n a l  i n f o r m a t i o n  and r e p o r t  f u r t h e r  on i t  
i n  a supplement t o  t h i s  r e p o r t .  

No f u r t h e r  i n f o r m a t i o n  

We b e l i e v e  t h i s  

We w i l l  

(4) We recommended t h a t  a d d i t i o n a l  rev iew o f  t he  non-safety  c o n t r o l  and instrumenta- 

t i o n  systems compr is ing t h e  r e a c t o r  p l a n t  c o n t r o l  system should be performed 

w i t h  p a r t i c u l a r  emphasis on the  d iscovery o f  p o t e n t i a l  f a i l u r e  modes o r  c o n t r o l  

system i n s t a b i l i t i e s  t h a t  cou ld  i n t e r a c t  w i t h  the  p l a n t  p r o t e c t i o n  system t o  

p reven t  o r  h inde r  t h e  p l a n t  p r o t e c t i o n  system from t a k i n g  a c t i o n  t o  te rm ina te  

an acc iden t  o r  t o  l i m i t  i t s  consequences. 

f o r  t h e  acc idents  enveloped the  worst  case f a i l u r e  modes o r  i n s t a b i l i t y  modes 

o f  t he  c o n t r o l  system as was determined d u r i n g  the  design s tud ies  f o r  t h e  

c o n t r o l  and p r o t e c t i o n  systems. We have found t h i s  response acceptable. 

The P r o j e c t  s t a t e d  t h a t  t he  analyses 

Assuming t h a t  t h e  open issues presented i n  i tems 7.7(3) and 7.7(4) a re  s a t i s f a c t o r i l y  

reso lved  we can conclude t h a t  t h e  P r o j e c t  design, d e s c r i p t i o n  and implementation o f  

t h e  "Contro l  Systems Not Required f o r  Safety"  meet s t a f f  requirements and a re  

acceptable. 
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8.1 

8.2 

8.0 ELECTRIC POWER 

General 

General Design Criterla 17 and 18, IEEE Standards including IEEE Criteria for 
Class I€ Electric Systems for Nuclear Power Generating Stations ( I E E E  Standard 
308-1971) and appllcable Reguatory Guldes includlng Regulatory Guide 1.6, "Inde- 
pendence Between Redundant Standby (Onslte) Power Sources and Between Their Distrl- 
bution Systems,'' and staff technical positions noted in Table 8-1 o f  the Standard 
Review Plan have been utilized as the bases for evaluating the adequacy o f  the 
protectlon and control o f  electric power systems. Thls section o f  the safety 
evaluatlon report reflects the results o f  our revlew o f  the FFTF Flnal Safety 
Analysis Report. 

Offsite Power Systems 

The reactor systems for the FFTF are designed to remove decay heat by natural 
circulation when offsite and onsite "emergency" alternlating current power are not 
available. The small real emergency power requirement, malnly for selectlve elec- 
trical monitoring and control functions, I s  provided by the onsite 125 V DC Class I€ 
battery power system. 
remove decay heat by natural circulation In a safe and reliable manner without an 
alternatlng current electric power supply is to be demonstrated by verification 
testing as described in Section 14.2 o f  this report. 

The capability of the reactor heat transport systems to 

The offslte power system is the preferred source o f  power. This system includes 
the grld, transmission llnes, transformers, substation components and assoclated 
control system provided to supply electrlc power to safety-related and other 
eaulpment. 

The offsite power system proposed for the FFTF consists of a 115 kilovolt main 
preferred line and a 13.8 kilovolt alternate preferred line. 
preferred line feeds power from the Bonnevllle Power Authority Benton switching 
station to the FFTF 11W3.8 kilovolt substatlon transformer. The 13.8 kilovolt 
alternate preferred llne o f  limited capacity 11 be connected from the 300 Area 
Substation to the FFTF 13.8 kllo 
i s  o f  sufficlent capaclty (thre: megavolt amperes) to supply the power requlrements 
o f  the emergency power systems 

The 115 kllovolt maln 
L ' I  

swltchgear,' ;The alternate offslte power line 

In the event the single 115 kilovolt transmission line is lost, the second 13.8 
kilovolt power source from the 300 Area can be made available automatically to the 
13.8 kllovolt buses in approxlmately 4 seconds. 
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The two o f f s i t e  power sources a re  independent and do n o t  share o f f s i t e  r ight -of -way.  

Once on t h e  FFTF, however, t h e  two o f f s i t e  sources, now bo th  a t  13.8 k i l o v o l t ,  

en te r  a common indoor  switchgear b u t  by i s o l a t e d  paths. Th is  switchgear i s  a two 

bus system, each o f  which serves a s i n g l e  t r a i n  o f  switchgear cub ic les .  The two 

t r a i n s  o f  cub ic les  o f  d i f f e r e n t  bus systems a re  arranged back-to-back. 

b a r r i e r s  extending t h e  f u l l  l e n g t h  o f  t h e  switchgear p rov ide  about n ine  f e e t  o f  

phys i ca l  separat ion between t h e  f r o n t  and r e a r  buses. Phys ica l  separat ion and 

separate r o u t i n g  a re  p rov ided  between cables connecting t h e  two a l t e r n a t e  systems. 

The incoming "A" bus breakers f o r  t h e  13.8 k i l o v o l t  a l t e r n a t e  supply and t h e  115 

k i  1 ovol t normal 'supply  are c o n t r o l  1 ed by d i r e c t  c u r r e n t  b a t t e r y  power separate from 

t h a t  o f  t h e  incoming "6" bus breakers f o r  t he  115 k i l o v o l t  and 13.8 k i l o v o l t  suppl ies.  

Thus, no s i n g l e  breaker f a i l u r e  o r  loss of a s i n g l e  d i r e c t  c u r r e n t  c o n t r o l  power 

source w i l l  r e s u l t  i n  a l o s s  o f  t h e  o f f s i t e  power supply. 

Sheet metal 

A g r i d  s t a b i l i t y  ana lys i s  has n o t  been performed f o r  t h e  115 k i l o v o l t  p r e f e r r e d  

power system because i n  the  event o f  complete l o s s  o f  t h e  FFTF load  t h e  e f f e c t  on 

t h e  Bonnev i l l e  Power A u t h o r i t y  system as a whole would be i n s i g n i f i c a n t .  The FFTF 

w i l l  n o t  produce e l e c t r i c i t y  f o r  outflow t o  t h e  Bonnev i l l e  Power A u t h o r i t y  system, 
and, t he re fo re ,  w i l l  n o t  c o n t r i b u t e  t o  t h e  Bonnev i l l e  Power A u t h o r i t y  system i n s t a -  

b i l i t y .  Should a Bonnev i l l e  Power A u t h o r i t y  system i n s t a b i l i t y  occur and r e s u l t  i n  

a severe vo l tage  depression then  t h e  r e a c t o r  w i l l  scram through t h e  a c t i o n  o f  t h e  

p l a n t  p r o t e c t i o n  system under-voltage re lays .  

Our rev iew o f  t h e  o f f s i t e  power system f o r  t he  FFTF covered s i n g l e  l i n e  diagrams, 

phys i ca l  l a y o u t  drawings and d e s c r i p t i v e  i n f o r m a t i o n  f o r  t h e  o f f s i t e  power system. 

The rev iew a l s o  i nc luded  the  P r o j e c t ' s  proposed design c r i t e r i a  and design bases 

f o r  t he  o f f s i t e  power system and i t s  analyses o f  t h e  adequacy o f  those c r i t e r i a  and 

bases. 

power system s a t i s f i e s  our requirements s e t  f o r t h  i n  Sect ion 8.1 o f  t h i s  r e p o r t  and 

i s  acceptable. 

0 

On t h e  bas i s  o f  our  review, we have concluded t h a t  t h e  des ign o f  t h e  o f f s i t e  

8.3 Onsi te  Power Systems 

8.3.1 Emergency Power System 

The o n s i t e  "emergency" power system i s  n o t  a Class I€ system and, as noted above, 

i s  n o t  r e q u i r e d  f o r  safety .  I t  I s  comprised o f  two redundant and independent 480 

v o l t  emergency d i s t r i b u t i o n  systems. 

t h e  emergency d i s t r i b u t i o n  systems. 

o f f s i t e  a l t e r n a t e  p r e f e r r e d  power and two 480 v o l t  d i e s e l  generators. 

p r e f e r r e d  power * i s  n o t  a v a i l a b l e ,  t h e  d i e s e l  generators a re  a u t o m a t i c a l l y  s t a r t e d  

and t h e  a l t e r n a t e  p r e f e r r e d  power I s  a u t o m a t i c a l l y  connected t o  the  480 v o l t  emer- 

gency d i s t r i b u t i o n  buses. 

generator  c i r c u i t  breakers a u t o m a t i c a l l y  c lose  t o  connect t h e  generators t o  t h e  

emergency d i s t r i b u t i o n  bu'ses a f t e r  t h e  u n i t s  reach r a t e d  speed and vo l tage  

Three sources o f  power a re  a v a i l a b l e  t o  power 

They are the  o f f s i t e  main p r e f e r r e d  power, t h e  

If t he  main 

If b o t h  o f f s i t e  power supp l i es  a re  l o s t ,  t h e  d i e s e l  
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and t h e  d i e s e l  generators are s e q u e n t i a l l y  loaded. 

are d i v i d e d  i n t o  th ree  categor ies:  

d i e s e l  generator  i s  connected t o  i t s  emergency bus ( a f t e r  a 20-second s t a r t u p ) ,  (2) 
loads t h a t  a re  au tomat i ca l l y  programmed t o  s t a r t  f o l l o w i n g  connect ion o f  t h e  emer- 

gency generator  t o  i t s  bus, and (3) loads t h a t  can be s t a r t e d  manually b u t  do n o t  

operate o r d i n a r i l y .  None o f  these loads i s  r e q u i r e d  t.o p r o t e c t  t h e  p u b l i c  h e a l t h  

and sa fe ty ,  and o n l y  minor damage t o  n o n - c r i t i c a l  p l a r l t  equipment might  r e s u l t  i f  
these loads were t o  l ose  power. I n  a d d i t i o n ,  these loads a re  n o t  designed t o  meet 

t h e  standards f o r  engineered s a f e t y  f e a t u r e  equipment (e.g., se ismic,  env i ron-  

mental, e t c .  ). 

Loads on t h e  emergency buses 

( 1 )  loads t h a t  rece ive  power as soon as a 

The emergency d i e s e l  generators were obta ined from Oak Ridge and have a continuous 

r a t i n g  of 1100 k i l o w a t t s .  

k i l o w a t t s .  

continuous r a t i n g .  

housed. 

t i o n s  nor are they designed t o  w i ths tand  the  e f f e c t s  o f  a p o s t u l a t e d  tornado and 

tornado m i s s i l e s .  

The generators have a two-hour over load r a t i n g  o f  1210 
The load  a p p l i e d  t o  e i t h e r  d i e s e l  generator  w i l l  be l e s s  than  i t s  

Each d i e s e l  generator  and i t s  a u x i l i a r y  systems a re  separa te l y  

However, t h e  (diesel generator  rooms a re  n o t  Category I seismic i n s t a l l a -  

Although d i e s e l  generators a re  n o t  Class I€  systems, a se r ies  o f  q u a l i f i c a t i o n  

t e s t s  were r u n  on the  u n i t s  t o  a s c e r t a i n  t h e  c a p a b i l t i e s  o f  t h e  two machines t o  

s t a r t  and c a r r y  t h e  emergency loads w i t h i n  t h e i r  p resc r ibed  t ime.  

8.3.2 Sa fe ty  Power System 

I n  o rde r  t o  p rov ide  power f o r  those loads t h a t  serve t o  ma in ta in  t h e  p l a n t  i n  a 

safe c o n d i t i o n  a t  a l l  t imes,, a s a f e t y  power system which i s  designed as a Class I E  
power system i s  provided. 

p a r t s .  Each system prov ides 125-vol t  d i r e c t  c u r r e n t  and regu la ted  120-vo l t  a l t e r -  
n a t i n g  c u r r e n t s  t o  the  va r ious  s a f e t y  power system loads. 

This  system cons is t s  o f  two independent a n d  redundant 

The 125-vo l t  d i r e c t  cuc ren t  system i s  comprised o f  two redundant and independent 

125-vo l t  b a t t e r i e s .  

a main d i s t r i b u t i o n  panel. 

emergency buses. 

p h y s i c a l l y  separated from .thesothers., Th is  complies w i t h  t h e  recommendations o f  

Regulatory,Guide 1.,6. .Each b a t t e r y  system als,o supplie!; power t o  two i n v e r t e r s  

which conver t  t h e  d i rect .  c u r r e n t  power t o  120 -vo l t  a l t e r n a t i n g  c u r r e n t  power f o r  

p r o t e c t i o n  system inst rumentat ion. ,  

Ealzh b a t t e r y  system inc ludes  a b a t t e r y ,  a b a t t e r y  charger and 

The chargers a re  ,supplied from redundant 480-vo l t  

There a re  no-bus t i e s  between any d i v i s i o n  and each d i v i s i o n  i s  

I _  

. 2 2 .  

n t  capac i t y  ,to pqyer -t.he j n t e r r u p t a b l e  loads 

i t i c a l  , loads. con t inuous ly  f o r  one week w i thou t  cont inuously  f o r  

dependence on any power from any emergency system. I t  i s  planned t h a t  a t  about 15 

minutes a f t e r  a t o t a l  loss o f  normal and emergency power a l l  o f  t he  loads connected t o  

b o t h  b a t t e r i e s ,  e i c e p t  t he  mon i to r i ng  instruments, w i l l  be t r i pped ,  thus supp ly ing  
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adequate power t o  inst ruments f o r  one week. 

hydrocaps and are l oca ted  i n  separate l'ooms o f  seismic Class 1 E  design. 

The b a t t e r i e s  are prov ided w i t h  

' 120 -vo l t  a l t e r n a t i n g  c u r r e n t  inst rument  power i s  supp l i ed  from f o u r  independent 

panels. 

a l t e r n a t i n g  c u r r e n t  power from t h e  Class IE b a t t e r i e s  upon susta ined loss o f  pre-  

f e r r e d ,  a l t e r n a t e  and emergency power and the  o the r  two panels a r e  connected t o  

redundant and independent buses energ ized by the  zero-t ime outage motor-generator 

sets. 

zero-t ime outage motor-generator se ts  a re  requ i red  d u r i n g  opera t i on  o f  t h e  r e a c t o r  

and 15 minutes a f t e r  t he  loss o f  a l l  power from the  emergency bus. 

minutes power need n o t  be prov ided t o  these loads. 

from the  emergency power system, the ze ro - t  ime outage motor-generator se ts  a re  
loads o f  t he  respec t i ve  emergency buses. I f  the  emergency power i s  n o t  a v a i l a b l e ,  

t he  zero-t ime outage motor-generator se ts  become loads on t h e  d i r e c t  c u r r e n t  ba t -  
t e r i e s  and are t r i p p e d  a f t e r  15 minutes t o  conserve b a t t e r y  power. The design o f  

t h e  inst rument  power system a f f o r d s  adequate independence t o  assure t h a t  no s i n g l e  
f a i l u r e  w i l l  r e s u l t  i n  a loss o f  power t o  redundant inst rument  channels. 

Two o f  these panels a re  connected t o  i n v e r t e r s  which p rov ide  120-vo l t  

The i n v e r t e r s  supply t h e  c r i t i c a l  loads w h i l e  t h e  loads supp l i ed  by t h e  

A f t e r  15 
So l ong  as power i s  a v a i l a b l e  

Our rev iew o f  t he  onsi-te power system f o r  t he  FFTF covered s i n g l e  l i n e  diagrams, 

phys i ca l  l ayou t  drawings, f u n c t i o n a l  logic. diagrams and d e s c r i p t i v e  i n f o r m a t i o n  f o r  

those systems and a u x i l i a r y  systems t h a t  a re  v i t a l  t o  t h e  proper  ope ra t i on  o f  t he  

o n s i t e  Class I E  system and i t s  connected loads. 

P r o j e c t ' s  des ign bases and proposed design c r i t e r i a  f o r  t he  o n s i t e  Class I E  system 

and f o r  t he  v i t a l  suppor t i ng  systems, and t h e  analyses o f  t h e  adequacy o f  those 
c r i t e r i a  and bases. On the  bas i s  o f  our rev iew,  we have concluded t h a t  t h e  o n s i t e  

power system s a t i s f i e s  our  requirements s e t  f o r t h  i n  Sect ion 8.1 o f  t h i s  r e p o r t  and 

i s  acceptable. 

The rev iew a l s o  i nc luded  t h e  

8 . 3 . 3  Physica l  Independence of  E l e c t r i c a l  Systems 

The P r o j e c t  p rov ided  i n  t h e  F i n a l  Safety  Analys is  Report c r i t e r i a  f o r  phys i ca l  

separat ion o f  e l e c t r i c a l  equipment t o  preserve the  independence o f  redundant equip- 

ment. In a d d i t i o n ,  they have s t a t e d  t h a t  t h e  FFTF design and c o n s t r u c t i o n  was i n  

an advanced stage a t  t h e  t ime  IEEE-384 ana Regulatory Guide 1.75 came i n t o  e f f e c t  

and, t he re fo re ,  t he  design would n o t  f u l l y  meet the  recommendations o f  Regulatory 

Guide 1.75, "Phys ica l  Independence o f  E l e c t r i c  Systems.'' 

We have reviewed the  proposed design c r i t e r i a  and conclude t h a t  t he  P r o j e c t  design 

c r i t e r i a  appears t o  be s a t i s f a c o t r y .  

v e r i f y  t h e  implementation o f  t h e i r  design c r i t e r i a  s ince t h e  Commission does n o t  

have an i n s p e c t i o n  o r  in forcement  r e s p o n s i b i l i t y  f o r  t h e  FFTF. 

However, we have n o t  had the.opportunity t o  
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8 .3 .4  

6J 

8 .3 .5  

8 .3 .6  

8.3.7 

Environmental Qualification of Class IE Equipment 

Due to the lack of information presented in the Final Safety Analysis Report, we 
were unable to determine the acceptability of the environmental qualification of 
Class 1E equipment. The Project has submitted additional information for our 
review. After we have reviewed this information, we will report our findings in a 
supplement to this report. 

Power Lockout to Manual ly-Controlled Electrically Operated Valves 

The Project identifies primary loop isolation valves and secondary loop isolation 
valves for which Branch Technical Position EICSB 18 applies. They also provided a 
detailed schematic dialgram showing all control power sources and status indication 
for the primary and secondary isolation valves and their associated power lockouts. 
We have reviewed this information and conclude that the valve position indication 
system will perform its function under all conditions, including valve power lockout. 
We find this acceptable. 

Electrical Connectors and Terminal Blocks 

The staff is currently evaluating all nuclear facilities t o  determine the adequacy 
of the environmental qualification testing of electrical connectors and terminal 
blocks used in safety-related systems located inside or outside the containment. 
We will pursue this matter with the Project and provide our findings in a supplement 
to this report. 

E 1 ec tr i ca 1 Penetration!! 

The Project has documented that electrical penetration conductor short circuit 
protection i s  designed so that the cross-sectional ared o f  the module feed-through 
conductors is in all ciises greater than the attached cable; thus, the feed-through 
conductor temperature during a short circuit event will always be less than that of 
the attached cable. This aspect of the design using self-fusing characteristics o f  
the outside conductor for assuring containment penetration integrity is unacceptable 
because of the potential of causing a fire. 
related systems would produce even more hazardous safety problems. 
recommend that the design be modified to provide for independent primary and backup 
fault protective devices (breakers) that meet the following requirements of IEEE-279 
1971. 

The result,ingPire damage to safety- 
Therefore, we 

( 1 )  The system should, with precision and reliability, automatically disconnect 
power to the penetration conductors when currents through the conductors 
exceed the preset limits. 
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(2) All source and feeder breaker over load and s h o r t  c i r c u i t  p r o t e c t i o n  systems 
should be q u a l i f i e d  f o r  t he  se rv i ce  environment and seismic requirements. 

seismic q u a l i f i c a t i o n  f o r  non-Class IE c i r c u i t  breaker p r o t e c t i o n  systems 

should, as a minimum, assure t h a t  t h e  p r o t e c t i o n  systems remain operable 

d u r i n g  an opera t i ng  bas i s  earthquake. 

The 

I 

(3 )  The c i r c u i t  breaker  p r o t e c t i o n  system t r i p  s e t p o i n t s  should be compat ib le  w i t h  

the  c a p a b i l i t y  f o r  t e s t  and c a l i b r a t i o n .  

f a u l t  cond i t i ons  should be provided. 

P rov i s ions  f o r  t e s t  under s imulated 

(4 )  No s i n g l e  f a i l u r e  should cause excessive cu r ren ts  i n  the  p e n e t r a t i o n  conduc- 

t o r s  which would degrade the  p e n e t r a t i o n  seals. 

(5) Signals  f o r  t r i p p i n g  source and feeder breakers should be independent, phys ic-  

a l l y  separated and powered from separated sources. 

On J u l y  12, 1978, supplemental i n f o r m a t i o n  was p rov ided  i n d i c a t i n g  t h a t  t he  P r o j e c t  

cons iders the  design t o  be i n  compliance w i t h  Regulatory Guide 1.63 (1973) and t h e  
s t a f f ' s  proposed change t o  be n o t  c o s t  e f f e c t i v e .  

We w i l l  reconsider  t h i s  s i t u a t i o n ,  t a k i n g  i n t o  account the  s t a t u s  o f  cons t ruc t i on ,  

and w i l l  p rov ide  our  recommendation i n  a supplement t o  t h i s  r e p o r t .  
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9.1 

9.0 AUXILIARY SYSTEMS 

Summary D e c r i p t i o n  o f  Fuel Storage and Handling 

The FFTF f u e l  storage, hand l i ng  and examination f a c i l i t i e s  are s u b s t a n t i a l l y  d i f -  

f e r e n t  from those encountered i n  l i g h t  water r e a c t o r  pkact ice.  

p r i n c i p a l  reasons: (1) use o f  non-transparent sodium iis a coo lan t ,  (2) r e f u e l i n g  

temperature o f  4OO0F, (3 )  non-removable r e a c t o r  head arid c losed t e s t  loops i n  the  

r e a c t o r ,  and (4) presence o f  f u e l  t e s t  and examination f a c i l i t i e s .  

There are f o u r  

Our area o f  rev iew has been d i r e c t e d  t o  the  s a f e t y  aspects o f  t he  movement o f  f u e l  

through t h e  f a c i l i t y  w i t h i n  t h e  r e a c t o r  containment b u i l d i n g  and n o t  w i t h  the  

p r e s e r v a t i o n  o f  t e s t  specimens which may be s u b s t a n t i a l l y  d i f f e r e n t  d u r i n g  the  l i f e  

of t h e  f a c i l i t y  w i t h i n  t h e  c losed loops. 

Our acceptance c r i t e r i a  i s  based on comparab i l i t y  i n  t e m s  o f  l i g h t  water r e a c t o r  

sa fe ty ,  i . e . ,  compliance w i t h  t h e  i n t e n t  o f  General Design C r i t e r i o n  2, Regulatory 

Guide 1.29 and Branch Technical P o s i t i o n  ASB 9-1 and an eva lua t i on  o f  t h e  f u e l  

t r a n s f e r  c y c l e  f o r  r e c r i t i c a l i t y ,  acc iden ta l  r a d i o l o g i c a l  re leases through f u e l  

overheat ing,  sodium f i r e  p o t e n t i a l ,  r a d i o a c t i v e  gaseous re leases through seals, and 

equipment ma l func t i on  o f  an e l e c t r i c a l  o r  mechanical nature,  i n c l u d i n g  l oss  o f  

power d u r i n g  f u e l  t r a n s f e r .  

Peactor r e f u e l i n g  system w i t h i n  t h e  containment. 

system and loop p repara t i on  equipment were n o t  reviewed s ince  i n s u f f i c i e n t  informa- 

t i o n  was p rov ided  t o  per form an eva lua t i on  and a t  t he  present  t ime  shipment o f  
spent f u e l  f o r  reprocess ing i s  no t  prov ided f o r .  It i s  l i k e l y  t h a t  i n d i v i d u a l  

i r r a d i a t e d  p i n s  may be shipped from t h e  FFTF t o  o t h e r  f a c i l i t i e s  i n  the  f u t u r e ,  b u t  

i n s u f f i c i e n t  informatl’on e x i s t s  $0 make an evaluat ion.  

The elements o f  t he  r e a c t o r  r e f u e l i n g  system reviewed a re  as fo l l ows :  

(1) In-Vessel Handling Machine 

(3) F l o o r  Valve 

(4) I n t e r i m  Decay Storage . 
(5) Bottom LoadedTransfer  Cask . I ,* 

( 6 )  . C o n d i t i o n i n g  S t a t i m  ,. - 2 -  ’ 

(7) 
(8) Plug Handling F i x t u r e  

We reviewed each o f  t h e  e i g h t  major elements o f  t h e  

The r e a c t o r  r e f u e l i n g  support 

‘ .- 

(2) Closed Loop Ex-Vessel Machine , I  

I n t e r i m  Examination and Maintenance C e l l  
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Fuel subassemblies may be transferred from core positions following shutdown when 
they have decayed to 40 KWt, 10 to 12 hours after shutdown. 
time to cool the reactor to its refueling temperature ( 4 O O O F ) .  

It takes this much 

The core subassembly transfer operation takes place under the sodium pool in the 
reactor and is performed by the three in-vessel handling machines which deposit the 
subassemblies in one of the reactor furl storage positions in a core component pot 
behind a neutron shield. Prior to beginning the in-vessel transfer operation the 
control rod drive lines are disconnected and the instrument tree is withdrawn where 
it cannot interfere with movement of the three in-vessel handling machines. Only 
one in-vessel handling machine is operated at a time. The transfer operation 
deposits the fuel subassembly into a core component pot which iskimmersed in sodium 
and allowed to remain there until it decays to a power level of 10 KWt, 10 to 12 

hours after shutdown. 

The closed loop ex-vessel machine is a gantry-mounted moveable machine designed to 
handle subassemblies at a decay power level of 10 KWt with ‘the subassembly inserted 
in the sodium-filled pot. It is used to transfer driver fuel or various core 
components to and from reactor stocage or other core positions, to interim decay 
storage or to the interim examination and maintenance cell and core component 
conditioning stations. The closed l oop  ex-vessel machine is also used to transfer 
in reactor closed loops and open test assemblies to and from the reactor. 
drip pan and environmental confinement closure valve are provided at the lower end 
of the closed loop ex-vessel machine which matches to the floor valve over the 
reactor. 
machine is by radiation to a chrome oxide (black) cold wall inside the machine and 
inside of its shielding. Either the outside of the cold wall is cooled by forced 
convection or, in the event o f  loss o f  power, the sodium pot is cooled by natural 
convection by manually operating dampers around the cold wall. Other ancillary 
safety functions in the closed loop ex-vessel machine allow for hand cranking down 
a sodium-filled core component pot hack into the reactor, manual operation of the 
argon filled seals and movement of the transporter by manual jacking. 
mately 10 hours are available in the event of loss of cooling to a fuel subassembly 
in a core component pot allowing time for reinsertion into the reactor or 
establishing convective cooling before sodium boiling in the pot begins. 

A sodium 

The heat transfer from the sodium-filled pot in the closed loop ex-vessel 

Approxi- 

The floor valve is basically a shielded rotating valve. 
seals on both internal sliding surfaces and the valve body has double seals on both 
external mating surfaces. Valve operations are performed from a self-contained 
console or from the mating machine. 
full length driver fuel assembly and core component pot cannot be fully contained 
in the dimensions of the valve. The floor valve functionally can withstand 6 KWt 
for 20 hours based on a 10 KWt assembly stalled in the thru-port. 
to manually crank down a fuel subassembly in a core component pot back into the 
reactor. 
operation and seals for three hours. 

The valve disc has double 

The dimensions of the valve are such that a 

This is ample time 

A self-contained battery and gas accumulator will sustain the floor valve 
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The i n t e r i m  decay s torage vessel c o n s i s t s  o f  an upper large vessel w i t h  a r o t a t i n g  

s torage drum and a c e n t r a l  sma l le r  diameter vessel o f  longer l e n g t h  at tached t o  t h e  

bottom o f  t h e  l a r g e r  vessel. The e n t i r e  dual vessel assembly i s  f i l l e d  w i t h  sodium. 

D r i v e r  f u e l  and t e s t  assemblies are s to red  i n  the ou te r  r o t a t i n g  basket and c losed 

loops i n  t h e  c e n t r a l  l ong  vessel reg ion.  The r o t a t i n g  drum i s  d r i v e n  by a p o r t a b l e  

motor d r i v e  a t  t h e  opera t i ng  f l o o r .  

o f  sodium t o  cool  t h e  immersed f u e l  i n  t h e  event o f  an i n t e r i m  decay storage vessel 

leak. Two independent c o o l i n g  systems a re  provided. The normal c o o l i n g  system 

c i r c u l a t e s  sodium from the  i n t e r i m  decay s torage vessel t o  a NaK system which i n  

t u r n  t r a n s f e r s  i t s  heat. t o  a Mobi l - therm c o o l e r  follow12d by a c h i l l e d  water heat  

exchange system which \ re jec ts  t h e  decay heat  t o  a i r .  

system i s  p rov ided  t o  t h e  i n t e r i m  decay s torage through an annulus between the  

i n s u l a t i o n  j a c k e t  and t h e  guard vessel. I n  the  event lboth c o o l i n g  systems are 

l o s t ,  va lves i n  t h e  v e n t i l a t i o n  ducts  i n  t h e  N2 cool in 'g  system t o  t h i s  annulus can 

be opened t o  a l l o w  b u i l d i n g  a i r  t o  n a t u r a l l y  convect up t h e  e x t e r i o r  o f  t he  i n t e r i m  

decay s torage guard vessel t o  remove decay heat. 

A guard vessel i s  p rov ided  t o  l i m i t  t he  l o s s  

,4 backup n i t r o g e n  c o o l i n g  

The bottom load ing  t r a i i s f e r  cask p r i m a r i l y  handles bare f u e l  subassemblies, new o r  

i r r a d i a t e d ,  t r a n s f e r r i i n g  them between t h e  c o n d i t i o n i n g  s t a t i o n s ,  i n t e r i m  decay 

s torage o r  through containment t o  a f u t u r e  cask l oad ing  s t a t i o n .  

t rans fe r  cask thermal r a t i n g  i s  1.4 KW which corresponds t o  approx imate ly  200 days 

decay f o r  a d r i v e r  f u e l  subassembly. The c o n d i t i o n i n g  s t a t i o n s  have t h e  main 

f u n c t i o n  o f  p repar ing  var ious core components, t e s t  assemblies, and hardware f o r  

ope ra t i on ,  o r  s torage i n  l i q u i d  sodium. Examined i r r a d i a t e d  f u e l  p i n s  may a l s o  be 

s t o r e d  i n  t h e  core component c o n d i t i o n i n g  s t a t i o n s  i f  t h e i r  t o t a l  power l e v e l  i s  

n o t  g r e a t e r  t han  1.0 K'dt, and t e s t  assemblies may be s t o r e d  i n  t h e  t e s t  assembly 

cond i ton ing  s t a t i o n ,  i f  t h e i r  combined decay heat  l e v e l  i s  l e s s  than  9 KWt. N i t rogen  

i s  c i r c u l a t e d  around t h e  c o n d i t i o n i n g  s t a t i o n s  t o  cool  them. 

The i n t e r i m  examination and maintenance c e l l  i s  bas i ca l1y .a  h o t  c e l l  w i t h  a l l  t h e  

a n c i l l a r y  equipment t o  non -des t ruc t i ve l y  disassemble and examine core components 

i n c l u d i n g  d r i v e r  f u e l  assemblies and fest.assemblies. Component c o o l i n g  i s  pro-  

v ided  as w e l l  as space c o o l i n g  by c i . r cu la t i ng  argon which i s  p a r t  o f  t h e  hea t ing  

and v e n t i l a t i o n  system. 

backup t o  the,primary blower. Loss o 

more than -40  minutes would r e s u l t .  i n ,  

i n  two hours i f  d i r e c t e d  c o o l i n g - i s , n o t  restored.. 

re leased from pin, f a i l u r e s  would be i n  t h e  i n t e r i m  examination and maintenance c e l l  

which i s  l oca ted  i n s i d e  t h e  containment b u i l d i n g .  

The bottom load ing  

* t  

A redundant blower i s  p rov ided  t o  t h e  space c o o l i n g  as 

power t o  d i r e c t  subassembly c o o l i n g  f o r  

a j l u r e s .  Fuel c l a d  m e l t i n g  cou ld  occur 

However, a l l  r a d i o a c t i v e  products  

The plug,handl.ing f i x t u r e  removes, t r a n s p o r t s  and rep laces r e f u e l i n g  s h i e l d  p lugs.  

The p l u g  hand l i ng  f i x t u r e  works i n  con junc t i on  w i t h  t h e  f l o o r  va l ve  and, i n  th,' 

event  of l o s s  o f  power t o  t h e  p l u g  hand l i nq  f i x t u r e ,  t h e  sh ie lded  va l ve  i n  i t  may 

be manually closed. 
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We have reviewed the design criteria, functional requirements feature or prototype 
tests and verification test reports performed for prototype or actual components 
and the FFTF system safety evaluation assessm*ent for the above components on an 
individual basis’and on the basis o f  an integrated functional system. Our evalua- 
tion of the preceding fuel handling components is that physical separation always 
exists everywhere except within the interim examination and maintenance cell such 
that the Keff is always less than 0.9. 
fuel subassemblies permitted in the interim examination and maintenance cell to no 
more than three to preclude’the possibility o f  criticality from a close packed 
array o f  subassemblies. The equipment has heen designed structurally to survive 
the safe shutdown earthquake and the design basis tornado but the possibility of 
component seal leakage does exist for natural phenomena events. The radiation 
fields in routinely occupied areas during normal fuel handling operations are 
limited to 0.2 mrem/hr and higher values are permitted for brief time intervals 
during actual transfer operations at joints or mating surfaces. Pure bottled 
argon, or low level reprocessed argon cover gas, is provided around all sodium- 
wetted surfaces during fuel handling to prevent oxidation or combustion of sodium 
and positive directional control of the environment in the event of release of 
gaseous fission products from a fuel assembly. Double inflatable seals are used at 
matching faces and an argon buffer gas is used between the seals to control and 
prevent outward radioactive gaseous release into inhabited areas. Fuel clad 
temperatures are limited during transfer operations to a maximum of 150OoF to 
minimize the possibility of pin failures during handling of end-of-life driver 
fuel. Lower temperature limits have been set for test elements to preserve test 
data for test assemblies. 

Administrative controls limit the number o f  

Mechanical indexing and electrical interlocks are provided to prevent improper 
insertion and withdrawal of fuel subassemblies in core positions as well as limit- 
ing the forces that can be applied to the subassemblies during core component 
transfer operations. The ex-vessel transfer machine is provided with redundant 
blowers and is also connected to onsite emergency power to minimize the possibility 
o f  loss of cooling to a fuel subassembly while in transport. The ex-vessel transfer 
machine is also designed for natural convection cooling around the cold wall without 
exceeding the 150OoF cladding criteria in the event of loss of all electrical 
power. 
power as well but’interrupted periods o f  loss of power can be tolerated in all 
cases except for the interim examination cell when a subassembly is undergoing 
examination. The interim examination cell is a hot cell and is fully contained in 
the event of pin ruptures. 

Other components in the reactor refueling system are connected to emergency 

The interim decay storage and interim examination cell are more dependent on power. 
However the interim decay storage pool has a large heat capacitance and can with- 
stand loss of forced convection cooling for considerable time. 
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The remaining components i n  the  f u e l  hand l ing  system, such as the  c o n d i t i o n i n g  

,s ta t ion ,  f l o o r  valve, p l u g  hand l ing  f i x t u r e  and bottom loaded t r a n s f e r  cask, can 

w i ths tand a power i n t e r r u p t i o n  f o r  a mat te r  o f  hours. 

A l l  o f  the  components i n  the  r e a c t o r  r e f u e l i n g  system have undergone extens ive 

pro to type t e s t i n g  and p l a n t  components w i l l  undergo f u r t h e r  acceptance t e s t i n g  

p r i o r  t o  s t a r t u p  o f  the  f a c i l i t y .  

Only one component o f  the  f u e l  hand l ing  system w i l l  be subjected t o  core d i s r u p t i v e  

acc ident  loadings and t h a t  i s  the  in-vessel  hand l ing  machine ( a c t u a l l y  t h r e e  

machines). 

accommodate the  dynamic s t r u c t u r a l  l o a d  o f  the  core d i s r u p t i v e  acc ident  w i t h o u t  

becoming a m i s s i l e .  

i n t o  the  head access area. 

The in -vesse l  hand l ing  machine has been evaluated as be ing  able t o  

However, some sodium leakage may occur above the  r e a c t o r  head 

Our e v a l u a t i o n  and f i n d i n g s  are t h a t  the  FFTF f u e l  hand l ing  system, o t h e r  than the  

r e a c t o r  r e f u e l i n g  support system and the  loop prepara t ion  equipment which have no t  

been evaluated, i s  i n  accordance w i t h  the  ana lys is  and d e s c r i p t i v e  m a t e r i a l  f u r -  

nished by the  FFTF P r o j e c t  and complies w i t h  the  general i n t e n t  o f  General Design 

C r i t e r i a ,  Regulatory Giuides and i n d u s t r i a l  standards when considered w i t h  respect  

t o  the  uniqueness o f  t l i i s  type o f  reac tor ,  us ing  l i q u i d  metal as coo lan t ,  and t h a t  

i t  i s  a low power t e s t  r e a c t o r  hav ing s p e c i a l i z e d  f u e l  hand l ing  requirements no t  

p a r a l l e l  t o  those encountered i n  l i g h t  water reac tors .  

9.2 F a c i l i t y  Systems 

9.2.1 Component and Compartment Cool ing System 

The component and compartment c o o l i n g  system prov ides c o o l i n g  c a p a b i l i t y  f o r  a l l  

p l a n t  components and compartments t h a t  r e q u i r e  heat removal d u r i n g  p l a n t  operat ion.  
The system i s  no t  requ i red  t o  a c t i v e l y  f u n c t i o n  f o r  safe r e a c t o r  shutdown. The 

component and compartmmt c o o l i n g  system i s  normal ly  powered by o f f s i t e  power 

suppl ies and backed up by o n s i t e  d iese l  generators whic:h a re  no t  a Class I E  power 

supply. The system inc ludes the  gas c o o l i n g  system, in-containment c h i l l e d  water 
system, in te rmed ia te  Mobi l - therm system, c h i l l e d  water system, and c o o l i n g  water 

system. 

The gas c o o l i n g  systems m a i n t a i n a t h e  temperature i n  the i n e r t  c e l l s  and heat  com- 

partment w i t h i n  the  r e q u i r e d  opera t ing  range, p rov ide  c o o l i n g  t o r c e r t a i n  r e a c t o r  

components and f u h i s h  backup decay heat removal f o r  t h e  i n t e r i m  decay storage. 

The gas c o o l i n g  system c i r c u l a t e s - i n e r t  gas through -coolers which t r a n s f e r  heat  t o  

the  in-containment ch i1  l e d  water system. Normally the  i n t e r i m  decay s torage decay 

heat i s  removed by d i r e c t  c o o i i n g  o f  the  i n t e r i m  decay s torage sodium. 

event t h a t  bo th  t h e  sodium and n i t r o g e n  c o o l i n g  system are inoperable,  the  i n t e r i m  

decay heat can be d i s s i p a t e d  t o  t h e  containment atmosphere by na tu ra l  convect ion 

f l o w  o f  a i r  through the  i n t e r i m  decay s torage vessel annulus. 

In the  
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9.2.2 

The in-containment c h i l l e d  water  system i s  t h e  nex t  stage i n  the  heat removal cha in  

a f t e r  t h e  gas c o o l i n g  systems f o r  most o f  t h e  in-containment heat loads. 

in-containment c h i l l e d  water  system con ta ins  a wa te r -g l yco l  coo lan t  which i s  c i r -  

c u l a t e d  by c e n t r i f u g a l  pumps and cooled by water c h i l l e r s .  

c h i l l e d  water system p i p i n g  and va lves i n s i d e  t h e  containment are p h y s i c a l l y  

separated from any sodium-containing p i p i n g  and equipment t o  prec lude t h e  p o s s i b l e  

d i r e c t  con tac t  o f  water  and sodium. 

Mobil- therm l i g h t  heat  t r a n s f e r  o i l  as a c o o l i n g  medium. 

remove heat  from t h e  i n t e r i m  decay storage p r imary  sodium process ing system c o l d  

t r a p s  through t h e  NaK heat  exchangers. The Mobil- therm l i g h t  o i l  does n o t  r e a c t  

w i t h  NaK i n  t h e  event  o f  t h e  acc iden ta l  m ix tu re  o f  t he  two f l u i d s .  The system 

t ransmi t s  heat  t o  t h e  c o o l i n g  water  system through Mobil- therm l i g h t  t o  water heat 

exchangers. 

The 

The in-containment 

The in te rmed ia te  Mobil- therm system uses 

The system i s  des igned- to 

The c h i l l e d  water system uses water-g lyco l  coo lan t  and prov ides c o o l i n g  f o r  heat  

sources ou ts ide  t h e  containment. The system i s  backed up by the  standby c h i l l e d  

water  system whic'h i s  powered from t h e  d i e s e l  generators. 

The c o o l i n g  water system prov ides c o o l i n g  water t o  t h e  heat  exchangers o f  t h e  water 

c h i l l e r s  i n  t h e  above systems and t o  t h e  p l a n t  a i r  and gas compressors. The system 

c o n s i s t s  o f  e i g h t  c o o l i n g  towers and e i g h t  c i r c u l a t i n g  pumps. 

The gas c o o l i n g  system and t h e  i n s i d e  containment p o r t i o n s  of t h e  in-containment 

c h i l l e d  water  system and in te rmed ia te  Mobil- therm system a re  designed t o  seismic 

Category I requirements and t h e  remain ing systems are designed t o  non-seismic 

requirements. 

Based on t h e  rev iew o f  t h e  component and compartment c o o l i n g  system design, we 

conclude t h a t  t he  system can per form i t s  design f u n c t i o n  and t h a t  a p o s t u l a t e d  

f a i l u r e  o f  t h e  system w i l l  n o t  a f f e c t  t h e  s a f e t y  f u n c t i o n  o f  any systems r e q u i r e d  

f o r  sa fe  r e a c t o r  shutdown and, t h e r e f o r e ,  i s  acceptable. 

I n e r t  Gas System 

The i n e r t  gas system i s  designed t o  e s t a b l i s h  and ma in ta in  cover gas atmosphere and 

opera t i ng  pressures f o r  l i q u i d  metal systems and p rov ide  atmospheric i n e r t i n g  and 

pressure c o n t r o l  f o r  a l l  c e l l s  and pipeways c o n t a i n i n g  p r imary  sodium equipment o r  

p ip ing .  
shutdown. 

pressure boundary o r  t h e  containment boundary. Also, t he  r a d i o a c t i v e  argon 

process ing system and t h e  c e l l  atmosphere process ing system con ta in  s i g n i f i c a n t  

r a d i o a c t i v e  gases. Th is  system inc ludes  t h e  argon system, n i t r o g e n  system, 

r a d i o a c t i v e  argon process ing system, and c e l l  atmosphere process ing system. 

The i n e r t  gas system i s  n o t  r e q u i r e d  t o  a c t i v e l y  f u n c t i o n  f o r  sa fe  r e a c t o r  

However, p o r t i o n s  o f  t h e  system serve as p a r t  o f  e i t h e r  t h e  r e a c t o r  
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The argon system supp l i es  argon gas t o  a l l  l i q u i d  metal systems f o r  use as cover gas. 

The argon i s  a l s o  used t o  se rv i ce  pressure-buf fered seals  and argon atmosphere c e l l s .  

Argon pressures a re  regu la ted  by pressure c o n t r o l  systems and pressure r e l i e f  valves 

which d ischarge i n t o  i n e r t  atmosphere c e l l s .  

l i q u i d  metal vapors and p a r t i c u l a t e s  from contaminat ing t h e  argon supply system. 

Vapor t r a p s  a re  p rov ided  t o  prevent  

The n i t r o g e n  system prov ides t h e  i n e r t  atmosphere and a c t u a t i n g  gas f o r  pneumatic 

valves l oca ted  i n  i n e r t  atmosphere c e l l s .  

used t o  mon i to r  t he  oxygen, hydrogen, mois ture,  and r a d i o a c t i v i t y  con ten t  o f  t he  

n i t r o g e n  atmosphere i n  each i n e r t  c e l l  p e r i o d i c a l l y  t o  ma in ta in  p u r i t y  o f  t h e  

n i t r o g e n  w i t h i n  s p e c i f i e d  l i m i t s .  

A sampling and a n a l y s i s  subsystem i s  

The r a d i o a c t i v e  argon process ing system and c e l l  atmosphere process ing system 

p u r i f y  contaminated arg'on from t h e  r e a c t o r  and p r imary  c losed loop systems and 

p o t e n t i a l l y  contaminateid gases from i n e r t  c e l l s .  

f o r  use as a r e a c t o r  cover gas and t h e  p u r i f i e d  gas from t h e  c e l l  atmosphere pro-  

cess ing system i s  re lea i jed t o  the  environment. 

The p u r i f i e d  argon i s  re tu rned  

These p o r t i o n s  o f  t he  i n e r t  gas system t h a t  are requireld t o  ma in ta in  t h e  pressure 

boundary i n t e g r i t y  a re  designed t o  seismic Category I requirements. 

Based on our  review, we conclude t h a t  t h e  system design i s  i n  conformance w i t h  

General Design C r i t e r i o n  2 and t h e  gu ide l i nes  o f  Regulatory Guide 1.29 w i t h  regard 

t o  se ismic des ign and, t he re fo re ,  i s  acceptable. 

9.2.3 F a i l e d  Element Detect ior i  System 

For t h e  purpose o f  t h i s  review, t h e  FFTF r e a c t o r  w i l l  operate w i t h  no f a i l e d  f u e l .  

Since i t  has been determined t h a t ,  from a s a f e t y  p o i n t  o f  view, the  r e a c t o r  can 
operate w i t h  up t o  1 percent  f a i l e d  f u e l ,  t h e  i ssue  of  f a i l e d - f u e l  d e t e c t i o n  
c a p a b i l i t y  f o r  low l e v e l s  o f  f a i l u r e  i s  n o t  o f  major concern f o r  t h i s  s a f e t y  

evaluat ion.  I n  addition1 t h e  f a i l e d - f u e l  d e t e c t i o n  system i s  n o t  p a r t  o f  t h e  

p l a n t  p r o t e c t i o n  system, as i t  serves as a m o n i t o r i n g  f u n c t i o n  only .  

t he  s t a f f  has reviewed t h e  f a i l e d  f u e l  m o n i t o r i n g  system planned f o r  t he  FFTF and 

t h e  experience w i t h  s i m i l a r  systems i n  o t h e r  reac to rs .  

t h e  f a i l e d  f u e l  mon i to r i ng  i n  t h e  FFTF r e a c t o r  w i l l  p rove e f f e c t i v e  f o r  t h e  

d e t e c t i o n  and l o c a t i o n  o f  f a i l e d  f u e l  and f a i l e d  absorber p ins .  

Nevertheless, 

It i s  ou r  o p i n i o n  t h a t  

The f a i l e d - f u e l  m o n i t o r i n g  system prov ides the  equipment necessary t o  de tec t ,  

cha rac te r i ze ,  l oca te ,  and v e r i f y  f u e l  and absorber p i n  f a i l u r e s .  Thus i t  i s  capable 

o f :  

(1) Continuously m o n i t o r i n g  t h e  r e a c t o r  cover gas f o r  gaseous f i s s i o n  p roduc t  

a c t i v i t y  (Xe-133, Xle-135, and t h e  31 Kev cesium X-ray) and i n d i c a t i n g  abnormal 

a c t i v i t y  l e v e l s .  
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9.3 
9.3. 

Continuously mon i to r i ng  t h e  r e a c t o r  cover gas f o r  a c t i v a t e d  t a g  gas (Xe-125) 

and hel ium re leased from f a i l e d  absorber assemblies and i n d i c a t i n g  abnormal 

a c t i v i t y  l e v e l s .  

Continuously mon i to r i ng  t h e  r e a c t o r  p r imary  sodium coo lan t  f o r  delayed neutrons 

and i n d i c a t i n g  abnormal a c t i v i t y  l eve l s .  

Performing above func t i ons  1 and 3 f o r  t he  c losed  loop subsystem. 

Locat ing f a i l e d  f u e l  and absorber assemblies by t h e  ana lys i s  o f  t he  continuous 

"on - l i ne "  da ta  and by a n a l y s i s  o f  t h e  c o n s t i t u e n t s  o f  sampled p r imary  and 

c losed  loop  sodium and cover gas. The p r imary  system for determin ing t h e  

l o c a t i o n  o f  f a i l e d . f u e 1  and absorber p i n s  i s  t h e  gas tagg ing  f a i l u r e  l o c a t i o n  

system. Th is  system I s  based on,loading a unique gas t a g  c o n s i s t i n g  o f  a 

m i x t u r e  o f  enr iched s t a b l e  xenon and k ryp ton  isotopes (Xe-124, Xe-126, Xe-128, 

Xe-129, Kr-78, Kr-80, Kr-82, Kr-83) i n t o  a l l  p i n s  o f  each f u e l  and absorber 

assembly. If a p i n  f a i l s ,  a p o r t i o n  of t h e  t a g  gas escapes t o  t h e  r e a c t o r  

cover gas t o  be sampled by  t h e  gas t a g  sampllng t rap .  The I d e n t i t y  o f  t h e  
f a i l e d  assembly i s  determined by mass spectrometer a n a l y s i s  o f  t h e  sample. 

Based on t h e  d i v e r s i t y  and redundancy o f  t he  f a i l e d  f u e l  d e t e c t i o n  system, t h e  

s t a t e  o f  t h e  d e t e c t i o n  technology and p o s i t i v e  r e a c t o r  experience w l t h  these sub- 

systems, i t  i s  our  op in ion  t h a t  t h e  system w i l l  prove e f f e c t i v e  i n  determin ing p i n  

f a i l u r e  w e l l  below t h e  1 percent  f a i l u r e  l i m f t  f o r  which t h e  FFTF i s  adequately 

des 1 gned. 

Process A u x i l l a r l e s  

Compressed A i r  System 

The compressed a i r  system i s  designed t o  p r o v i d e  b o t h  inst rument  a i r  and se rv i ce  

f o r  t h e  f a c i l i t y .  

f i f t y  pe rcen t  o f  t h e  design capac i t y ,  a i r  rece ive rs ,  f i l t e r s ,  d rye rs ,  and standby 

a i r  cy1 1 nders. 

The system c o n s i s t s  o f  t h r e e  a i r  compressors, each s i z e d  f o r  

The compressed a i r  system i s  c l a s s i f i e d  as non-sa fe ty - re la ted  except f o r  t h e  por-  

t i o n s  t h a t  pene t ra te  containment w a l l s ,  i n c l u d i n g  i s o l a t i o n  va lves which a re  designed 

t o  Q u a l i t y  Group B and Category I requirements. 

p rov ided  a t  t h e  heat  t r a n s p o r t  system dump hea t  exchanger c o n t r o l s .  

a i r  c y l i n d e r s  a re  s a f e t y - r e l a t e d  s ince  t h e y  p rov ide  emergency a i r  supply t o  e s t a b l i s h  

c o n t r o l  f o r  decay heat  removal o f  t h e  f a c i l i t y .  

assoc iated p i p i n g  and va lves a r e  designed t o  Q u a l i t y  Group D and seismic Category I 
requirements. 

upgrade t h e  emergency a i r  supply system t o  Q u a l i t y  Group C o r  above.) 

Also, standby a i r  c y l i n d e r s  a re  

(These standby 

The standby a i r  c y l i n d e r s  and t h e  

Because of t h e i r  s a f e t y  s i g n i f i c a n c e ,  we recommend t h a t  t h e  P r o j e c t  
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Fur the r ,  t h e  a i r  c y l i n d e r s  a t  loop 2 and loop 3 o f  t h e  heat t r a n s p o r t  system dump 

heat exthanger a re  n o t  p r o t e c t e d  from tornado m i s s i l e s .  Th is  i s  c o n s i s t e n t  w i t h  

the  p resen t  heat  t r a n s p o r t  system dump heat  exchanger design t h a t  o n l y  loop 1 i s  

p ro tec ted  from tornado m i s s i l e s .  

Based on our  review, WE' recommend t h a t  t he  compressed a i r  system design i s  n o t  

acceptable w i t h  regard t o  t h e  q u a l i t y  group design c l a s s i f i c a t i o n  o f  t h e  sa fe ty -  

r e 1  a ted  standby a i r  cy1 i nders. 

9.3.2 Process Sampling Systen! 

The process sampling system ( i m p u r i t y  mon i to r i ng  and ana lys i s  system) i s  designed 

t o  p rov ide  rep resen ta t i ve  samples o f  r a d i o a c t i v e ,  as w e l l  as non-radioact ive,  f l u i d  

and gas streams from systems throughout t h e  p l a n t  f o r  chemical and radiochemical 

ana lys i s .  The seismic design and q u a l i t y  group c l a s s i f i c a t i o n  o f  sampling l i n e s  

and components conform t o  t h e  c l a s s i f i c a t i o n  o f  t h e  system t o  which each sampling 

l i n e  and component i s  connected as descr ibed i n  Regulatory Guides 1.26 and 1.29. 

The process sampling system'consis ts  o f  p i p i n g ,  f i t t i n g s ,  i s o l a t i o n  and t h r o t t l i n g  

va lves,  sample heaters ,  sample compressors, gas chromatograph, and inst rumentat ion.  

The process sampling system i s  designed t o  o b t a i n  rep resen ta t i ve  samples from t h e  

systems and components l i s t e d  i n  Table 9.3-1. 

Our rev iew inc luded  t h e  p rov i s ions  t o  sample a l l  p r i n c i p a l  f l u i d  and gas process 

streams associated w i t h  p l a n t  operat ion.  The rev iew has i nc luded  d e s c r i p t i v e  

i n f o r m a t i o n  f o r  t h e  process sampl ing sysLem and the  l o c a t i o n  o f  sampling p o i n t s ,  as 

shown on p i p i n g  and ins t rumen ta t i on  diagrams. 

The bas i s  f o r  acceptance i n  our  review has been conformance o f  t he  design f o r  t h e  
process sampling system t o  app l i cab le  r e g u l a t o r y  guides. 

we f i n d  t h e  proposed system t o  be acceptable. 

Based on our  eva lua t i on ,  

TABLE 9.3-1 

- PROCESS SAMPLE SYSTEM LOCATIONS 

Primary Sodium System 

Secondary Sodium System 

Primary Argon Cover Gas 

Closed Loop System 

Secondary Argon Cover 

System 

Gas System 

System 
Closed Loop Cover Gas 
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9.3.3 L i q u i d  Metal Receiv ing Storage and Processing System 

The l i q u i d  metal r e c e i v i n g  s torage and process ing system i s  designed t o  supply a l l  

sodium systems w i t h  r e a c t o r  grade sodium and p rov ide  sodium storage p u r i f i c a t i o n  

f o r  ' the reac to r ,  heat  t r a n s p o r t ,  and i p t e r i m  decay s torage system. 

NaK t o  two NaK systems i n  the  f a c i l i t y  and prov ides NaK storage and p u r i f i c a t i o n  

c a p a b i l i t y .  

a c t i v e l y  f u n c t i o n  f o r  safe r e a c t o r  shutdown. 

as p a r t  o f  e i t h e r  t h e  r e a c t o r  pressure boundary o r  t he  containment boundary. 

system inc ludes  t h e  sodium r e c e i v i n g  and unloading system, r e a c t o r  pr imary sodium 

storage process ing system, i n t e r i m  decay storage and pr imary sodium storage pro-  

cess ing system, NaK i n t e r i m  decay s torage c o o l i n g  system, NaK c o l d  t r a p  c o o l i n g  

system, and r e a c t o r  secondary sodium process ing system. 

I t  a l s o  suppl ies 

The l i q u i d  metal r e c e i v i n y  and s torage system i s  n o t  requ i red  t o  

However, p o r t i o n s  o f  t he  system serve 

Th is  

The sodium r e c e i v i n g  and unloading system prov ides t h e  c a p a b i l i t y  t o  me l t  t he  

contents  o f  a sodium tank c a r  and t r a n s f e r  t he  sodium t o  the  system storage vessels 

and t o  me l t  t h e  contents  o f  a sodium drum and t r a n s f e r  t h e  sodium t o  and from the  

var ious sodium systems. 

The r e a c t o r  p r imary  sodium process ing system i n  con junc t i on  w i t h  the  NaK c o l d  t r a p  

c o o l i n g  system p rov ides  sodium over f low,  storage and p u r i f i c a t i o n  f o r  t he  r e a c t o r  

and p r imary  heat  t r a n s p o r t a t i o n  system. The NaK serves as a c o o l i n g  medium f o r  t h e  

p r imary  sodium c o l d  t rap .  , 

The i n t e r i m  decay s torage and p r imary  sodium storage process ing system i n  conjunc- 

t i o n  w i t h  t h e  NaK i n t e r i m  decay storage c o o l i n g  system prov ides storage, coo l i ng ,  

and p u r i f i c a t i o n  c a p a b i l i t y  f o r  t he  sodium o f  t he  i n t e r i m  decay s torage vessel. 

The NaK serves as a c o o l i n g  medium f o r  t he  i n t e r i m  decay s torage vessel p r imary  

c o o l i n g  loop. 

The r e a c t o r  secondary sodium process ing system prov ides sodium storage and 

p u r i f i c a t i o n  c a p a b i l i t y  f o r  t he  sodium o f  t h e  secondary heat  t r a n s p o r t  system and 

t h e  secondary c losed  loop system. 

A l l  p o r t i o n s  o f  t h e  system which con ta in  r a d i o a c t i v e  sodium are l oca ted  i n s i d e  the  

containment i n  shi,elded, i n e r t  g a s - f i l l e d  spaces t o  minimize t h e  f i r e  p o t e n t i a l  

i n v o l v i n g  r a d i o a c t i v e  sodium. 

ma in ta in  the  pressure boundary i n t e g r i t y  a re  designed t o  seismic Category I 
requirements. 

d r a i n  o f  t h e  p r imary  and secondary heat t r a n s p o r t  system, i n t e r i m  decay storage 

vessel, o r  t h e  r e a c t o r  vessel by a s i n g l e  a c t i v e  f a i l u r e .  

The p o r t i o n s  o f  t h e  system t h a t  are requ i red  t o  

The system i s  a l s o  designed t o  prec lude the  p o s s i b i l i t y  o f  an acc iden ta l  

Based on our  review, we conclude t h a t  t h e  system design meets s i n g l e  f a i l u r e  

c r i t e r i o n  as t o  prevent  acc iden ta l  d r a i n  o f  t he  sodium system and i t  i s  i n  con- 

formance w i t h  General Design C r i t e r i o n  2 and the  gu ide l i nes  o f  Regulatory 

Guide 1.29 with regard t o  seismic des ign and, t he re fo re ,  i s  acceptable. 
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9.4 Heat ing and V e n t i l a t i n g  Systems 

9.4.1 Contro l  Room Area V e n t i l a t i o n  System 

The c o n t r o l  room area v e n t i l a t i o n  system i s  designed t o  ma in ta in  t h e  c o n t r o l  room 

w i t h i n  t h e  thermal and a i r  q u a l i t y  l i m i t s  requ i red  f o r  ope ra t i on  o f  t h e  p l a n t  

c o n t r o l s  and u n i n t e r r u p t e d  safe occupancy d u r i n g  normal operat ion,  shutdown and 

post -acc ident  cond i t i ons .  

The c o n t r o l  room area v e n t i l a t i o n  system inc ludes  a c o n t r o l  area a i r  c o n d i t i o n i n g  

system and a c o n t r o l  area l i f e  suppor t  system. The c o n t r o l  area a i r  c o n d i t i o n i n g  

system cons is t s  o f  two 100 percent  capac i t y  a i r  c o n d i t i o n i n g  u n i t s ,  one 100 percent  

capac i t y  r e t u r n  and exhaust f an  and a duc t  system t h a t  d i s t r i b u t e s  cond i t i oned  a i r .  

The c o n t r o l  area l i f e  support system c o n s i s t s  o f  two 100 pe rcen t  capac i t y  ou ts ide  

a i r  supply f i l t e r - f a n  u n i t s  and an a i r  c o n d i t i o n i n g  u n i t  w i t h  two 100 percent  

capac i t y  supply fans. The c o n t r o l  area i s  normal ly  served by t h e  c o n t r o l  area a i r  

c o n d i t i o n i n g  system w i t h  the  c o n t r o l  area l i f e  suppor t  system on standby. 

h igh-h igh r a d i a t i o n  i s  sensed a t  t he  ou ts ide  a i r  i n takes ,  t he  c o n t r o l  area a i r  

c o n d i t i o n i n g  system i s  au tomat i ca l l y  i s o l a t e d  and the  c o n t r o l  area l i f e  suppor t  

system i s  then operated i n  t h e  r e c i r c u l a t i o n  mode. 

ou ts ide  a i r  i n takes  cain be made f o r  t he  c o n t r o l  area l i f e  suppor t  system ou ts ide  

a i r  supply t o  ma in ta in  a p o s i t i v e  pressure i n s i d e  t h e  c o n t r o l  room. 

a i r  i s  a l s o  moni tored f o r  r a d i a t i o n  l e v e l  a t  a i r  i n takes  downstream o f  t h e  f i l t e r s .  

The c o n t r o l  area l i f e  j uppor t  system i s  connected t o  the  d i e s e l  power suppl ies.  

When a 

Manual s e l e c t i o n  o f  one o f  two 

This  ou ts ide  

Both t h e  c o n t r o l  room <area v e n t i l a t i o n  system and t h e  c o n t r o l  area l i f e  suppor t  

system a re  c l a s s i f i e d  #as non -sa fe ty - re la ted  systems except t h e  p o r t i o n s  t h a t  

a re  necessary f o r  i s o l a t i o n  o f  t he  c o n t r o l  room area (e.g., i s o l a t i o n  dampers and 

t h e i r  connected ductwork) and a re  designed t o  seismic Category I requirements. 

i ns t rumen ta t i on  and c o n t r o l  equipment t h a t  f unc t i ons  t j o  a c t i v a t e  the  c o n t r o l  room 

i s o l a t i o n  i s  a l s o  s a f e t y - r e l a t e d  and i s  evaluated in Sect ion 7.6 o f  t h i s  r e p o r t .  

The 

Since bo th  t h e  c o n t r o l  area a i r  cond i t i on ing .  system and c o n t r o l  area l i f e  suppor t  

system a re  c l a s s i f i e d  (3s non-safety- re la ted,  t h e  P r o j e c t  performed an ana lys i s  

assuming complete loss o f  t h e  c o o l i n g  and hea t ing  f u n c t i o n  o f  t he  c o n t r o l  area a i r  

c o n d i t i o n i n g  system anti contro1,area 1 , i f e -suppor t .  systlem w i t h  worst  l o c a l  weather 

condi$ions and concluded t h a t  t h e  temperature i n s i d e  t h e  c o n t r o l  room a t  seven days 

a f t e r - t h e  i n c i d e n t , w i l I  be mainta ined w i t h  temperature. l i m i t s  f o r  ope ra t i on  of t h e  

p l a n t  c o n t r o l s  and sa fe  personnel occupancy. We agree w i t h  t h i s  conclus ion.  

The o r i g i n a l  p l a n t  des.ign prov ided one se ismic Category I and tornado m i s s i l e  

p r o t e c t e d  i s o l a t i o n  darnper on each a i r  i n t a k e  and exhaiJst o f  t h e  c o n t r o l  room area 

v e n t i l a t i o n  system. 

March 27, 1978, proposed t o  modi fy  .the system by a d d i t i o n  o f  redundant i s o l a t i o n  

dampers i n  each o f  t h e  c o n t r o l  room area v e n t i l a t i o n  system a i r  i n takes  and exhausts. 

These redundant damper!; a re  designed t o  seismic Catego,ry I requirements. 

I n  response t o  our request ,  t h e  P ro jec t ,  i n  a l e t t e r  dated 

However, 

9-11 



they a re  n o t  tornado m i s s i l e  p ro tec ted .  

tornado m i s s i l e  p r o t e c t i o n  t o  b o t h  redundant i s o l a t i o n  dampers i n  each of t h e  

c o n t r o l  room area v e n t i l a t i o n  system a i r  i n takes  and exhausts. 

We recommend t h a t  t h e  P r o j e c t  p rov ide  n 

9.4.2 A u x i l i a r y  Equipment Area V e n t i l a t i o n  System 

The a u x i l i a r y  equipment area v e n t i l a t i o n  system prov ides c o o l i n g  and v e n t i l a t i o n  

c a p a b i l i t i e s  i n  va r ious  a u x i l i a r y  equipment areas o f  t h e  f a c i l i t y .  

n o t  r e q u i r e d  t o  a c t i v e l y  f u n c t i o n  f o r  safe r e a c t o r  shutdown. 

The system i s  

Local a i r  c o n d i t i o n i n g  and v e n t i l a t i o n  systems a re  p rov ided  i n  a u x i l i a r y  and rad- 

waste areas. 

supplemental c o o l i n g  i s  requi red.  exhaust systems w i t h  f i l t e r i n g  c a p a b i l i t y  a re  

prov ided t o  serve t h e  access c o n t r o l  area o f  t h e  a u x i l i a r y  equipment b u i l d i n g ,  t h e  

heat  t r a n s p o r t  system s e r v i c e  b u i l d i n g ,  and emergency generator  areas. 

R e c i r c u l a t i n g  a i r  coo le rs  a re  a l s o  p rov ided  i n  those areas where 

The r e a c t o r  se rv i ce  b u i l d i n g  hea t ing  and v e n t i l a t i n g  system mainta ins pressure 

c o n t r o l ,  coo l i ng ,  and hea t ing  o f  t h e  work areas I n  t h e  r e a c t o r  s e r v i c e  b u i l d i n g .  

The d i e s e l  generator  room supply f a n  system mainta ins space temperature s u i t a b l e  

f o r  d i e s e l  operat ion.  The s a f e t y - r e l a t e d  b a t t e r y  rooms a re  prov ided w i t h  once- 

through v e n t i l a t i o n  systems which a re  connected t o  power supply  from t h e  d i e s e l  

generators. Each c e l l  i n  t h e  two b a t t e r y  systems i s  equipped w i t h  a c a t a l y t i c  

hydrogen-oxygen combiner c e l l  cap which prevents  t h e  escape o f  hydrogen i n t o  t h e  

room. 

t i o n  system i s ,  t he re fo re ,  o n l y  a backup t o  c o n t r o l  p o s s i b l e  hydrogen bu i l dup  

i n s i d e  t h e  b a t t e r y  room. 

o f f s i t e  and d i e s e l  power supp l i es  a re  l o s t .  

a l s o  l o s e  power, so t h e r e  w i l l  be e s s e n t i a l l y  no i n - c e l l  hydrogen p roduc t i on  i n  t h e  

S i t u a t i o n .  

Cap e f f e c t i v i t y  has been demonstrated by t e s t s .  The b a t t e r y  room v e n t i l a -  

The v e n t i l a t i o n  system w i l l  n o t  be a v a i l a b l e  I f  b o t h  t h e  

The associated b a t t e r y  charger w i l l  

The a u x i l i a r y  equipment area v e n t i l a t i o n  system I s  n o t  designed t o  seismic Category.1 

r e q u i  rements. 

Based on our  review, we conclude t h a t  t h e  system can per form i t s  des ign f u n c t i o n  

and a p o s t u l a t e d  f a i l u r e  o f  t h e  system w i l l  n o t  a f f e c t  t h e  s a f e t y  f u n c t i o n  o f  a i y  

systems t h a t  a r e  r e q u i r e d  f o r  safe r e a c t o r  shutdown and, the re fo re ,  t h e  system 

design i s  acceptable. 

9.5 Serv ice Systems 

9.5.1 F i r e  P r o t e c t i o n  System 

b u r i n g  our  rev lew o f  t h e  f i r e  p r o t e c t i o n  system, we requested t h a t  t h e  P r o j e c t  

conduct a r e e v a l u a t i o n  o f  t h e  proposed f i r e  p r o t e c t i o n  p rov i s ions ,  and t h a t  those 

p r o v i s i o n s  be compared, i n  d e t a i l ,  w i t h  t h e  gu ide l i nes  s e t  f o r t h  i n  our  Branch 

Technical P o s i t i o n  ASB 9.5-1, "Guidel ines f o r  F i r e  P r o t e c t i o n  f o r  Nuclear P lants . "  
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The P r o j e c t ' s  response i s  c u r r e n t l y  under review and we w i l l  r e p o r t  our  f i n d i n g s  i n  

a supplement t o  t h i s  r e p o r t .  

9 .5 .2  Communication Systems 

The communication systenls prov ided a t  t he  FFTF inc lude  a l l  components and a u x i l i a r y  

systems necessary t o  p rov ide  adequate and e f f e c t i v e  communication throughout the  

f a c i l i t y  and o the r  o f f s i t e  emergency c o n t r o l  centers  undier a l l  cond i t i ons  o f  opera- 

t i o n .  

The communication systems prov ided inc lude  an opera t i on  system, p r i v a t e  automatic 

exchange system f o r  general f a c i l i t y  use, general p l a n t  telephone system f o r  f a c i l i t y  

and o f f s i t e  communications, p u b l i c  address system, and an i n t e r i m  examination and 

maintenance c a l l  system. I n  a d d i t i o n .  t he  above communications systems a re  supple- 

mented by mobi le  r a d i o  u n i t s  p a t r o l l i n g  t h e  FFTF s i t e ,  v e h i c l e  r a d i o  u n i t s  

p a t r o l l i n g  o t h e r  Hanford s i t e s ,  an exc lus i ve  telephone connection between t h e  FFTF 

and o f f s i t e  emergency cointrol centers ,  a manual sw i t ch  i n  t h e  FFTF c o n t r o l  room t o  

s igna l  p a t r o l  headquarters ' i n  t he  event o f  an emergency, a crash a larm telephone 

prov ided i n  the  FFTF c o n t r o l  room and a t  t h e  emergency shutdown panel t o  i n i t i a t e  

o r  rece ive  emergency c a l  Is, w a l k i e - t a l k i e  equipment and messengers. 

' 

The FFTF communication systems equipment inc ludes w a l l s  and desk type telephones, 

telephone jacks ,  permanent and p o r t a b l e  headsets w i t h  microphones, an 

c e n t r a l  exchange, bat tery-suppor ted power suppl ies w i t h  chargers, amp 

loudspeakers and in te rconnec t ing  w i r i ng .  

The scope o f  review o f  t h e  var ious communication systems inc luded  ver  

automat i c 

i f  i e r s ,  

f i c a t i o n  t h a t  

t he  FFTF i n s t a l l e d  systems a re  powered from dependable power sources and are capable 
o f  p r o v i d i n g  d i ve rse  means f o r  n o t i f i c a t i o n  o f  personnel and i n i t i a t i o n  o f  evalua- 

t i o n  procedures i n  the  event o f  an emergency. 

t h a t  t he  i n s t a l l e d  communication systems p r o v i d e ' t h e  c a p a b i l i t y  o f  communicating 

w i t h  a l l  areas o f  t he  FFTF and w i t h  emergency c o n t r o l  centers  a t  t h e  Hanford s i t e  

under a l l  cond i t i ons  o f  ope ra t i on  and under maximum p 'o ten t i a l  no ise l e v e l s .  

The bas i s  f o r  acceptance i n  

The rev iew a l s o  i nc luded  v e r i f i c a t i o n  

* i  

r-ebiew' has been cohformance o f  ' the design c r i t e r i a  
e-s igJ o f  'the ' i n s t i l  l e d  communication systems t o  the  acceptance 

t i o n  2.0 'of t h e  Standard Review Plan as' app l i cab le ,  and i n d u s t r y  

o v i  de e f f e c t i v e  communications standards, and t h e  a b i l i t y  o f  t he  sys?ems t o  

w i t h i n  t h e  FFTF and w i t h  o t h e r  emergency c o n t r o l  cen te rs  a t  t he  Hanford s i t e  d u r i n g  

normal and emergency cond i t i ons  under maximum p o t e n t i a l  no i se  l e v e l s .  

We have concluded t h a t  t he  i n s t a l l e d  communication systems a t  t h e  FFTF conform t o  

the  above c i t e d  standards and c r i t e r i a  and are,  t h e r e f o r e ,  acceptable. 

, '  I * a  T I  
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9.5.3 

Special requirements needed f o r  t h e  commiinication systems t o  s a t i s f y  Appendix " A "  
t o  Branch Technical Pos i t i o r .  APCSB 9.5-1 w i l l  be reviewed separate ly  a t  a l a t e r  

date d u r i n g  the  f i r e  p r o t e c t f o n  rev iew o f  t he  FFTF. 

be proposed t o  f u r t h e r  improve the  c a p a b i l i t y  o f  t he  coniiriunication systems r e s u l t i n g  

from the  f i r e  p r o t e c t i o n  review. 

A d d i t i o n a l  recommendations may 

L i g h t i n g  System 

The l i g h t i n g  system f o r  t h e  FFTF inc ludes  a l l  components necessary t o  p rov ide  

adequate l i g h t i n g  throughout  t h e  f a c i l i t y  under a l l  cond i t i ons  o f  operat ion.  

l i g h t i n g  system f o r  t he  f a c i l i t y  cons i s t s  o i  normal and emergency l i g h t i n g  systems. 

The 

e 

The normal l i g h t i n g  system, supp l i ed  fropi t he  120 v o l t  AC b u i l d i n g  e l e c t r i c a l  power 

system powered by o f f s i t e  power, prov ides l i g h t i n g  throughout  t h e  f a c i l i t y .  

The emergency l i g h t i n g  system p rov ides  l i g h t i n g  throughout  t h e  f a c i l i t y  upon l o s s  
of o f f s i t e  power. The f i r s t  t ype  
cons is t s  o f  120 v o l t  AC f i x t u r e s  powered from t h e  480 v o l t  AC emergency power 

systems 1 and 2 which a re  f e d  by t h e  emergency d i e s e l  generators. The l i g h t s  a re  

arranged so t h a t  i f  o n l y  one emergency power system i s  a v a i l a b l e ,  no normal ly  

l i g h t e d  areas w i l l  be complete ly  dark. 

i d e n t i f i e d  120 v o l t  AC o u t l e t s  powered from the  480 v o l t  AC emergency power systems 

1 and 2 a re  p rov ided  t o  power extens ion co rd  t ype  l i g h t i n g  where such a need e x i s t s .  

Four types o f  emergency l i g h t i n g  a re  provided. 

Also, a few se lec ted  and d i s t i n c t i v e l y  

The second t ype  o f  emergency l i g h t i n g  p rov ided  i s  a 120 v o l t  AC i n v e r t e r  powered 

system. 

and se lec ted  c o n t r o l  room l i g h t s  w i l l  be powered by one o f  e i g h t  power u n i t s ,  each 

of which conta ins a s torage b a t t e r y  and 125 v o l t  DC/120 v o l t  AC i n v e r t e r .  

system i s  a u t o m a t i c a l l y  energ ized upon l o s s  o f  a l l  a l t e r n a t i n g  c u r r e n t  power. The 

s torage b a t t e r y  powers t h e  connected l oad  f o r  90 minutes. 

ma in ta in  b a t t e r i e s  f u l l y  charged d u r i n g  normal operat ion.  

On l o s s  o f  o f f s i t e  and o n s i t e  emergency power, a l l  720 v o l t  AC e x i t  l i g h t s  

Th is  

Chargers are prov ided t o  

The t h i r d  t ype  o f  emergency l i g h t i n g  c o n s i s t s  o f  f i x e d  and p o r t a b l e  wall-mounted 

l i g h t s ,  w i t h  i n t e g r a l  b a t t e r i e s  and chargers, each capable o f  p r o v i d i n g  l i g h t  f o r  

90 minutes. These u n i t s  a re  connected t o  t h e  120 v o l t  AC l i g h t i n g  c i r c u i t  powered 

by t h e  emergency power system and a re  i n s t a l l e d  i n  s ta i rways and areas used f o r  

egress. A l l  p o r t a b l e  l i g h t  u n i t s  a re  plugged i n t o  120 v o l t  AC o u t l e t s  t o  ma in ta in  

them f u l l y  charged; f i x e d  and p o r t a b l e  u n i t s  a re  a u t o m a t i c a l l y  energ ized upon loss 
o f  a l t e r n a t i n g  c u r r e n t  power. 

The f o u r t h  emergency l i g h t i n g  system prov ides a l i m i t e d  amount o f  c o n t r o l  room 

l i g h t i n g  powered f rom t h e  120 v o l t  DC s a f e t y  power system Class I E  b a t t e r i e s .  

spec ia l  c o n t r o l  room o u t l e t s ,  two from each  Class I E  b a t t e r y ,  a re  p rov ided  f o r  

extens ion cord- type l i g h t  w i t h  s t i p u l a t i o n  o f  a maximum load  o f  100 wa t t s  p e r  

b a t t e r y .  

Four 
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The scope o f  rev iew o f  t he  l i g h t i n g  systems inc luded  assessment o f  t h e  number and 

types o f  l i g h t i n y  systems prov ided,  assessment and adequacy o f  t h e  power sources 

f o r  t h e  normal and emergiency l i g h t i n q  systems, and v e r i f i c a t i o n  o f  f u n c t i o n a l  capa- 

b i l i t y  o f  t h e  l i g h t i n g  system under a l l  cond i t i ons  o f  operat ion.  

The b a s i s  f o r  acceptance i n  our rev iew has been conformance o f  t he  des ign bases and 

c r i t e r i a ,  and design o f  t he  l i g h t i n g  systems and necessa'ry a u x i l i a r y  suppor t i ng  

systems t o  t h e  acceptance c r i t e r i a  i n  Sect ion 2.0 o f  t h e  Standard Review Plan as 

app l i cab le ,  and i n d u s t r y  standards, and t h e  a b i l i t y  t o  p rov ide  e f f e c t i v e  l i g h t i n g  

i n  a l l  areas o f  t h e  f a c i ' l i t y  under a l l  cond i t i ons  o f  opei-ation. 

We have concluded t h a t  t h e  var ious l i g h t i n g  systems prov-ided a t  t h e  FFTF conform t o  

the  above c i t e d  standards and c r i t e r i a  and are, t he re fo re ,  acceptable. 

Special requirements needed f o r  t h e  emergency l i g h t i n g  system t o  s a t i s f y  Appendix "A"  

t o  Branch Technical P o s i t i o n  APCSB 9.5-1 a re  being reviewed separa te l y  and w i l l  be 

addressed i n  a supplement t o  t h i s  r e p o r t .  A d d i t i o n a l  recommendations may be proposed 

t o  f u r t h e r  improve t h e  c a p a b i l i t y  o f  t he  l i g h t i n g  system r e s u l t i n g  from the  f i r e  

p r o t e c t i o n  review. 

3.5.4 Emergency Diesel  Generator A u x i l i a r y  Systems 

The r e a c t o r  systems f o r  t h e  FFTF are designed t o  remove decay heat  by  n a t u r a l  

c i r c u l a t i o n  when o f f s i t e  and o n s i t e  "emergency" a l t e r n a t i n g  c u r r e n t  power a re  n o t  

a v a i l a b l e .  The small  r e a l  emergency power requirement, ma in l y  f o r  s e l e c t i v e  e l e c t r i c a l  

m o n i t o r i n g  and c o n t r o l  f unc t i ons ,  i s  p rov ided  by t h e  o n s i t e  125 v o l t  DC Class I E  

b a t t e r y  power system. 

remove decay heat  by n a t u r a l  c i r c u l a t i o n  i n  a safe and r e l i a b l e  manner w i t h o u t  an 
a1 t e r n a t i n g  c u r r e n t  e l e c t r i c  power supply i s  t o  be demonstrated by t e s t s .  

The c a p a b i l i t y  o f  t h e  r e a c t o r  heat t r a n s p o r t  systems t o  

The emergency d i e s e l  generators i n s t a l l e d  a t  t h e  FFTF.do r iot per form a s a f e t y - r e l a t e d  

func t i on ,  and, t he re fo re ,  they do n o t  p rov ide  an o n s i t e  Class IE emergency e l e c t r i c  

power source as r e q u i r e d  a t  a commercial nuc lea r  power p l d n t .  

d i e s e l  generators f u n c t i o n  o n l y  as an a u x i l i a r y  non-Class I E  backup power system 

f o r  t h e  o f f s i t e  power system i n  .the event i t  f a i l s .  -The emergency d i e s e l  generators 

a re  n o t  requ i red  f o r  safe r e a c t o r  shutdown, the re fo re ,  t h e  d i e s e l  generators and 

t h e i r  suppor t  a u x i l i a r y  systems a re  designed t o  non-seismic requirements i n  

accordance w i t h  commercial i n d u s t r y  standards and codes. 

A c t u a l l y  t he  emergency 

Each emergency d i e s e l  generator  i s  p r o v i d e d - w i t h  t h e  f o l l o w i n g  a u x i l i a r y  systems: 

(1) f u e l  o i l  s torage and t r a n s f e r  system, (2) c o o l i n g  water  system, (3) a i r  s t a r t -  

i n g  system, (4) l u b r i c a t i o n  o i l  system, and (5) combustion a i r  i n t a k e  and exhaust 

system. These systems a r e  descr ibed and t h e  r e s u l t s  o f  our  e v a l u a t i o n  and f i n d i n g s  

a re  i nc luded  i n  Sections 9.5.5 through 9.5.9. 

l 
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9.5.5 Emergency Diesel  Engine Fuel O i l  Storage and T rans fe r  System 

The emergency d i e s e l  engine f u e l  o i l  s torage and t r a n s f e r  system i s  designed t o  

p rov ide  f u e l  o i l  storage and t r a n s f e r  c a p a b i l i t y  t o  a l l o w  opera t i on  o f  each emer- 

gency d i e s e l  generator  f o r  a t  l e a s t  severt days a t  r a t e d  load. 

The f u e l  storage and t r a n s f e r  system cons is t s  o f  two separate and independent 

t r a i n s ,  one f o r  each emergency d i e s e l  engine. The p r i n c i p a l  components f o r  each 

t r a i n  are: one underground 20,000-gal lon main f u e l  o i l  storage tank; two motor 

d r i v e n  f u l l  capac i t y  f i n a l  t r a n s f e r  pumps; one 1300-gal lon day tank capable o f  

ope ra t i ng  t h e  d i e s e l  engine f o r  16 hours a t  r a t e d  load; two f u e l  o i l  engine supply  

pumps, one i n t e g r a l  engine d r i v e n  and one motor d r i ven ;  f u e l  o i l  s t r a i n e r ;  f u e l  o i l  

f i l t e r ;  r e q u i r e d  i ns t rumen ta t i on ,  c o n t r o l s  and alarms; and associated p i p i n g  and 

valves r e q u i r e d  t o  connect t h e  equipment. 

designed t o  non-seismic requirements i n  accordance w i t h  commercial i n d u s t r y  standards 

and codes. 

Based on our  rev iew o f  t h e  f u e l  s torage and t r a n s f e r  system design, des ign c r i t e r i a  

and bases, we have concluded t h a t  t h e  system has adequate capaci ty ,  and t h a t  i t  can 

per form i t s  a u x i l i a r y  suppor t  f unc t i ons .  

f unc t i ons  have been establ ished;  t he re fo re ,  t h e  system as i n s t a l l e d  i s  acceptable. 

The f u e l  s torage and t r a n s f e r  system i s  

A t  t h i s  t ime  no system s a f e t y - r e l a t e d  

9.5.6 Emergency Diesel  Engine Cool ing Water System 

The emergency d i e s e l  engine c o o l i n g  water system i s  an i n t e g r a l  p a r t  o f  t he  d i e s e l  

generator  and i s  designed t o  ma in ta in  t h e  d i e s e l  engine j a c k e t  water and l u b r i c a t -  

i n g  o i l  temperatures w i t h i n  safe ope ra t i ng  range. The c o o l i n g  water system i s  a 

c losed loop  pressure system d i s s i p a t i n g  heat  t o  t h e  atmosphere by a fo rced  d r a f t  

engine r a d i a t o r  d u r i n g  normal operat ion.  

immersion heater  and c i r c u l a t i n g  pumps w i l l  ma in ta in  engine j a c k e t  water a t  t h e  

manufacturer 's  recommended temperature t o  increase f i r s t  t r y  s t a r t i n g  r e l i a b i l i t y .  

Each c o o l i n g  water system cons is t s  o f  a j a c k e t  water r a d i a t o r  and a two-speed 

fo rced  d r a f t  fan;  two c e n t r i f u g a l  c i r c u l a t i n g  water pumps, one i n t e g r a l  engine 

d r i v e n  and one motor d r i ven ;  one e l e c t r i c  j a c k e t  water heater; one j a c k e t  water 

heater  motor d r i v e n  c i r c u l a t i n g  pump; one 100-gal lon pressure expansion tank;  lube 

o i l  coo le r ;  r e q u i r e d  i ns t rumen ta t i on ,  c o n t r o l s  and alarms; and associated p i p i n g  

and va lves r e q u i r e d  t o  connect t h e  equipment. 

When t h e  engine i s  i d l e ,  an e l e c t r i c  

The emergency d i e s e l  engine c o o l i n g  water  system i s  designed t o  non-seismic 

requirements i n  accordance w i t h  commercial i n d u s t r y  standards and codes. The 

emergency d i e s e l  generators a re  n o t  requ i red  f o r  safe r e a c t o r  shutdown. 

Based on our  rev iew o f  t h e  emergency d i e s e l  engine c o o l i n g  water system design, 

design c r i t e r i a  and bases, we have concluded t h a t  t he  system has adequate capac i t y ,  
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and t h a t  i t  can p e r f o r i n , i t s ,  a u x i l i a r y  suppor t  f unc t i ons .  . A t  t h i s  t ime  no system 

s a f e t y - r e l a t e d  func t i ons  have been establ ished;  t h e r e f o r e ,  t h e  system as i n s t a l l e d  

i s  acceptable. 

9.5.7 Emergency D iese l  Engine S t a r t i n g  System 

A s t a r t i n g  a i r  system i s  prov ided t o  supply t h e  s t a r t i i n g  a i r  needs f o r  each d iese l  

engine. 

Each emergency d iese l  engine s t a r t i n g  system prov ides f o r  f i v e  15-second s t a r t s  

w i t h o u t  recharg ing.  

two a i r  rece ive rs  arranged so t h a t  e i t h e r  compressor cain be opera ted -w i th  e i t h e r  o r  

b o t h  rece ive rs ;  s t r a i n e r s ,  l u b r i c a t o r s ,  s t a r t i n g  a i r  motors; i ns t rumen ta t i on ,  

c o n t r o l s  and alarms; arid assoc iated p i p i n g  and va lves t o  connect t h e  equipment. 

The emergency d i e s e l  engine s t a r t i n g  system i s  designed t o  non-seismic requirements 

i n  accordance w i t h  commercial i n d u s t r y  standards and codes. 

The system cons is t s  o f  two 100 percent  capac i t y  a i r  compressors; 

Based on our  rev iew o f  t h e  emergency d i e s e l  engine s t a r t i n g  system design, design 

c r i t e r i a  and bases, we have concluded t h a t  t he  system has adequate capac i t y ,  and 

t h a t  i t  can per form i t s  a u x i l i a r y  support funct ions.  

r e l a t e d  func t i ons  have been establ ished;  t he re fo re ,  t h e  system as i n s t a l l e d  i s  

acceptable. 

A t  t h i s  t ime  no system sa fe ty -  

9.5.8 Emergency Diesel  Engine L u b r i c a t i o n  System 

Each emergency d i e s e l  engine i s  prov ided w i t h  an i n t e g r a l  l u b r i c a t i o n  system designed 

t o  p rov ide  l u b r i c a t i o n  t o  bear ings and o the r  wearing pa r t s .  The lube  o i l  i s  cooled 

by an o i l  c o o l e r  i n s t a l l e d  i n  t h e  c losed loop, i n t e g r a l ,  a i r  cooled, d i e s e l  engine 
c o o l i n g  water system. The lube o i l  i s  heated t o  improve f i r s t  t ry s t a r t i n g  r e l i a b i l i t y .  

The emergency d i e s e l  engine l u b r i c a t i o n  system f o r  each engine c o n s i s t s  o f  two 

l u b r i c a t i o n  o i l  c i r c u l a t i n g  pumps f o r  normal operat ion,  one i n t e g r a l  engine d r i v e n  

and one motor dr iven;  one e l e c t r i c  l ube  o i l  heater; one motor d r i v e n  e l e c t r i c  o i l  

heater  c i r c u l a t i n g  pump; one 300-gal lon lube o i l  sump tank; s t r a i n l e s s  f i l t e r s ,  

i ns t rumen ta t i on ,  c o n t r o l s  and alarms; and associated p i p i n g  and va lves t o  connect 

non-seismic requirements i n  accordance w i t h  commercial i n d u s t r i a l  standards and 

codes. 

, t h e  equipment. The emergency d i e s e l  engine l u b r i c a t i o n  system i s  designed t o  

Based on our  rev iew o f  the emergency d i e s e l  engine l u b r i c a t i o n  system design, 

design c r i t e r i a  and bases, we have concluded t h a t  t h e  s,ystem has adequate capaci ty ,  

and t h a t  i t  can per form i t s  a u x i l i a r y  suppor t  f unc t i ons .  

s a f e t y - r e l a t e d  func t i ons  have been es tab l i shed ;  t h e r e f o r e ,  t h e  system as i n s t a l l e d  

i s  acceptable. 

A t  t h i s  t ime  no system 

3 
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5.5.9 Emergency Diesel  Engine Combustion A i r  I n t a k e  and Exhaust System 

The emergency d i e s e l  engine combustion a i r  i n t a k e  and exhaust system i s  designed t o  

supply f i l t e r e d  f r e s h  a i r  f o r  combustion t o  t he  emergency d i e s e l s  and t o  dispose o f  

t he  engine exhaust t o  t h e  atmosphere. 

The combustion a i r  i n t a k e  and exhaust system f o r  each emergency d iese l  i s  separate 

and independent from t h e  o the r  and cons is t s  o f  a i r  i n t a k e  louvres,  i n t e g r a l  a i r  

f i l t e r  and s i l e n c e r  on each d i e s e l  engine, exhaust s i l e n c e r  i n s t a l l e d  on t h e  d i e s e l  

generator  room r o o f ,  expansion j o i n t ,  and associated p i p i n g  connecting t h e  equipment 

The phys i ca l  separat ion between t h e  combust.ion a i r  i n l e t s  and exhaust gas o u t l e t s  

f o r  t h e  d i e s e l  engines and t h e  l o c a t i o n  o f  t he  b u i l d i n g  i s  such t o  prec lude t h e  

p o s s i b i l i t y  o f  f i r e  e x t i n g u i s h i n g  agents and o the r  noxious gases from being drawn 

i n t o  t h e  a i r  i n takes  and exhaust gas r e c i r c u l a t i o n  w i t h  the  a i r  in takes.  

The combustion a i r  i n t a k e  and exhaust system i s  designed t o  non-seismic requ i re -  

ments i n  accordance w i t h  commercial i n d u s t r i a l  standards and codes. 

Based on our  rev iew o f  t h e  combustion a i r  i n t a k e  and exhaust system design, design 

c r i t e r i a  and bases, we have concluded t h a t  t he  system has adequate capac i t y ,  and 

t h a t  i t  can per form i t s  a u x i l i a r y  suppor t  f unc t i ons .  

r e l a t e d  func t i ons  have been es tab l i shed ;  t h e r e f o r e ,  t he  system as i n s t a l l e d  i s  

acceptable. 

A t  t h i s  tme no system sa fe ty -  
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10.0 CLOSED LOOP SYSTEM 

The FFTF P r o j e c t  requlested ( l e t t e r  from A. J. Rizzo t o  W. Gammill, dated June 13, 

1978) postponement o f  t h e  rev iew o f  t h e  c losed loop s,ystem p l a n t  p r o t e c t i o n  system 

because t h e  design an,s lys is  has n o t  been completed. 

system t e s t i n g  i s  n o t  a n t i c i p a t e d  sooner than t h e  seventh i r r a d i a t i o n  cyc le .  

I n  a d d i t i o n ,  c losed loop 

Because t h e  p l a n t  p r o t e c t i o n  system impacts on the  performance o f  t he  c losed loop 

system under a n t i c i p a t e d  and hypo the t i ca l  t r a n s i e n t  cond i t i ons  and design modi f ica-  

t i o n s  may r e s u l t  from the  requirements o f  t h e  p l a n t  p r o t e c t i o n  system, we have 

postponed our  rev iew o f  Chapter 10.0 o f  t h e  F i n a l  Safiety Analys is  Report,  "Closed 

Loop System. 'I 

The c losed  loop system w i l l  be addressed i n  a supplement t o  t h i s  r e p o r t .  
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11.1 

11.0 f i D I O A C T I V E  WASTE MANAGEMENT SYSTEMS 

Summary D e s c r i p t i o n  

The r a d i o a c t i v e  waste management systems are designed t o  p rov ide  f o r  the  c o n t r o l l e d  

hand l ing  and t reatment  o f  p o t e n t i a l l y  r a d i o a c t i v e  l i q u i d ,  gaseous, and s o l i d  wastes 

which are generated d u r i n g  normal opera t ion  o f  the  FFTF, i n c l u d i n g  a n t i c i p a t e d  

opera t iona l  occurrences 

system, the  gaseous waste system, the  s o l i d  waste system, and the  process and e f -  

f l u e n t  r a d i o l o g i c a l  mon l to r lng  system. 

The waste management systems c o n s i s t  o f  t h e  l i q u i d  waste 

The l i q u i d  waste system c o l l e c t s  wastes which are produced from l a v a t o r y  decontami- 

n a t i o n  s inks,  component and area decontamination operat fons,  and personnel decon- 

taminat ion  showers. 

Area f o r  u l t i m a t e  d i s p o s i t i o n .  

L i q u i d  wastes a r e  c o l l e c t e d  f o r  t r a n s f e r  t o  the  Hanford 200 

Gaseous wastes are produced from the  m i g r a t i o n  o f  r a d i o a c t i v e  gases from d e f e c t i v e  

f u e l  t o  the  pr imary system cover gas and from leakage and d i f f u s i o n  o f  rad io -  

nuc l ides  through pr imary and secondary system p i p i n g  and components. Gaseous 

wastes are t r e a t e d  f o r  r a d i o a c t i v e  m a t e r i a l  removal by decay, f i l t r a t i o n ,  charcoal 

de lay,  and cryogenic  d i s t i l l a t i o n .  

The s o l i d  waste system c o l l e c t s  waste f o r  packaging and i n t e r i m  storage p r i o r  t o  

t r a n s f e r  t o  the  Hanford 200 Area f o r  u l t i m a t e  d i s p o s i t i o n .  

a i r  v e n t i l a t i o n  system f i l t e r s ,  r a d i o a c t i v e  gas f i l t e r s ,  sodium c o l d  t raps ,  con- 

taminated t o o l s  and equipment, rags, and paper. 

S o l i d  waste c o n s i s t s  o f  

I n  our eva lua t ion  o f  the  l i q u i d  waste system, we have considered: 

b i l i t y  o f  t h e  system t o  meet the  c o l l e c t i o n  demands o f  t h e  FFTF dur ing  a n t i c i p a t e d  

opera t iona l  occurrences, (2) the  design fea tures  Incorpora ted  t o  c o n t r o l  re leases 

o f  r a d i o a c t i v e  m a t e r i a l s ,  and ( 3 )  the  q u a l i t y  group and seismic des ign c l a s s i f i c a -  

t i o n  app l ied  t o  t h e  equipment and components and s t r u c t u r e s  housing the  system. 

I n  our eva lua t ion  of t h e  gaseous waste system, we have considered: (1) the  capa- 

b i l i t i e s  o f  the  system t o  keep l e v e l s  o f  r a d i o a c t i v i t y  1; e f f l u e n t s  "as low as i s  

reasonably achievable, ' '  lbased on expected ,radwaste Inputs  over the  l i f e  o f  the  

p l a n t ,  (2) the  c a p a b i l i t i e s  o f  the  system t o  meet the  process ing demands o f  the  

FFTF dur ing  a n t i c i p a t e d  opera t iona l  occurrences, (3) the. des ign fea tures  Incor -  

porated t o  c o n t r o l  re leases o f  r a d i o a c t i v e  m a t e r i a l s ,  anld (4) t h e  q u a l i t y  group and 

seismic des ign c l a s s i f i c a t i o n  app l ied  t o  t h e  equipment aind components and s t ruc -  

t u r e s  housl ng t h i s  system. 

(1) t h e  capa- 
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In our evaluation of the solid waste system, we have considered: 
design objectives in terms of expected types, volumes, and activities o f  waste 
processed for transit to the Hanford 200 Area for disposal, (2) the method of opera- 
tion and the capability for meeting the demands of the FFTF due to anticipated 
operational occurrences, and (3) the provisions for temporary onsite storage prior 
to transfer to the Hanford 200 Area. 

( 1 )  the system 

In our evaluation of the process and effluent radiological monitoring system, we 
have considered the system's capability ( 1 )  to monitor all normal and potential 
pathways for release of radioactive materials to the environment, (2) to control 
the release of radioactive materials to the environment, and (3) to monitor the 
performance of process equipment and detect radioactive material leakage between 
sys tems. 

Based on our evaluation, as described below, we find the liquid, gaseous, and solid 
radioactive waste systems and associated process and effluent radiological monitor- 
ing systems to be acceptable. 

11.2 Liquid Waste System 

The liquid waste system consists of equipment and instrumentation designed to 
collect, store, and transfer liquid radioactive waste to the Hanford 200 Area for 
ultimate disposition. 
the expected levels of radioactivity. 

Wastes are collected based on their origin in the plant and 

The liquid waste system consists of: 
shower wastes; a 200-gallon collection tank for condensed waste from the cell 
atmosphere processing system; a 5000-gallon collection tank for wastes from floor 
drains, lavatory sinks, and personnel decontamination showers; a 20,000-gallon 
railroad tank car for transfer of low/intermediate level (< 1.0 uCi/cm ) wastes; 
and a 500-gallon shielded transfer cask for transport of high level (> 1.0 uCi/cm ) 

waste. 
disposition. 
waste from the Fast Flux Test Facility. 

four 55-gallon drainage drums for safety 

3 
3 

All liquid wastes are transported to the Hanford 200 Area for ultimate 
Thus, there are no direct discharges to the environment of liquid 

The liquid waste system includes measures to control the release o f  radioactive 
materials due to potential overflows from indoor and outdoor storage tanks. 
5000-gallon collection tank is located in a cell which is epoxy-coated on all 
walls. 
collection tank or to the railroad tank car. 
located in a cell which pumps to the 5000-gallon collection tank. 
waste shipping cask is located in a cell which drains to the coated cell described 
above. 
to the 5000-gallon collection tank. 
in a pit which i s  e4uipped with a sump. 

The 

The cell is equipped with a sump pump which can direct the waste to the 
The 200-gallon collection tank is 

The high level 

The loading area for the railroad tank car contains two drains which lead 
The four 55-gallon drainage drums are located 

In addition, the 200-gallon and 5000-gallon 
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c o l l e c t i o n  tanks are equipped w i t h  l e v e l  inst rumentat ion.  We consider  these p r o v i -  

s ions t o  be adequate f o r  c o n t r o l l i n g  the  re lease o f  r a d i o a c t i v e  m a t e r i a l s  i n  l i q u i d  

e f f l u e n t s  t o  t h e  environmenx. 

The l i q u i d  r a d i o a c t i v e  waste t reatment  system w i l l  be l oca ted  i n  t h e  r e a c t o r  se rv i ce  

b u i l d i n g  which w i l l  be designed t o  seismic Category I c r i t e r i a .  

t u r e  housing t h e  system t o  be acceptable. 

components considered i n  t h e  l i q u i d  radwaste eva lua t i on  a re  l i s t e d  i n  Table 11.2-1. 

The two l i q u i d  waste c o l l e c t i o n  tanks are designed t o  ASME Sect ion 111, Class 3 

c r i t e r i a .  

system design t o  be acceptable. 

We f i n d  t h e  s t r u c -  

The design c a p a c i t i e s  o f  p r i n c i p a l  

We f i n d  t h e  P r o j e c t ' s  proposed l i q u i d  r a d i o a c t i v e  waste t reatment  

TABLE 11.2-1 

DESIGN PARAMETERS OF P R I N C I P A L  COMPONENTS CONSIDERED I N  
EVALUATION OF THE LIQUID AND GASEOUS RADIOACTIVE WASTE TREATMENT SYSTEMS 

Component 

LIQUID SYSTEM* 

C o l l e c t i o n  Tank 

C o l l e c t i o n  Tank 

GASEOUS SYSTEMS 

RADIOACTIVE ARGON PROCESSING S Y S ' G *  

Vacuum Vessel 

Surge and Delay Tank 

Charcoal Bed Adsorber 

Cryogenic S t i  11 

Storage Vessel 

CELL ATMOSPHERE PROCESSING SYSTEF!* 

Vacuum Tank 

Surge and Delay Tank 

Charcoal Bed Adsorber 

Number 

1 

1 

Capacity Each 

200 ga l  

5000 gal  

254 ft3 

1000 ft3 

1300 l b s  charcoal 

25 sctrn 

254 ft3 

334 ft3 

3 742 f t  

300 l b s  charcoa 

* Q u a l i t y  group and seismic des ign i n  accordance w i t h  BTP ETSB 11-1 (Rev. 1). 

11.3 Gaseous Waste System 

The gaseous waste system c o n s i s t s  of  equipment and inst,rumentatfon designed t o  

c o l l e c t ,  process, s to re ,  moni tor ,  r e c y c l e  and dispose o f  r a d i o a c t i v e  gaseous wastes 
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generated during normal operation, including anticipated operational occurrences. 
The radionuclides associated with these wastes are principally noble gases. 
gaseous waste system is comprised of two subsystems: 
processing system and (2) the cell atmosphere processing system. 

The 
(1) the radioactive argon 

The radioactive argon processing system processes the reactor and closed loop cover 
gas systems. 
ties of tritium, is collected in a 254-foot vacuum vessel and transferred by a 
compressor to a 1000-foot 
with baffles to permit decay of short-lived radionuclides. From the surge and 
delay tank, the gases are cryogenically cooled and treated in a series of four 
charcoal delay beds, each containing 130@ pounds of charcoal. After holdup of 
approximately four days for krypton and 260 days for xenon, the gases are directed 
to a cryogenic distillation column which preferentially condenses krypton and xenon 
while gaseous argon passes from the top of the column to the cover gas supply tank 
for reuse in the plant. 
distillation column is periodically transferred to shielded compressed gas bottles 
and shipped to the Hanford 200 Area for ultimate disposition. 
direct releases to the environment of radioactive material in gaseous effluents 
from the radioactive argon processing system. 

The argon cover gas, contaminated with noble gases and small quanti- 
3 

3 surge and delay tank. The surge and delay tank is equipped 

The xenon and krypton concentrate in the bottom of the 

Thus, there are no 

The cell atmosphere processing system collects and processes the gaseous radio- 
activity that may leak or diffuse into the cells inerted with nitrogen which house 
the reactor, primary heat transfer system, primary pumps, and overflow vessel. 
cell atmosphere processing system also collects and processes potentially contami- 
nated air from cells housing the argon processing components and argon from various 
stations within the piant. 
system consists of nitrogen containing trace quantities of contaminated argon cover 
gas and tritium which diffuses through primary system piping and components. 
nitrogen/air gas bleeds and purges from the cells are collected in a 334-foot3 v,acuum 
tank and transferred by a compressor to a 742-foot 
surge and delay tank, the gases are passed through a dryer which condenses all 
tritiated water vapor. 
system. The dried gases are processed i n  a series of two cryogenically cooled 
charcoal delay beds, each containing 1300 pounds of charcoal. 
rate into the cell atmosphere processin; system is variable, the flow rate through 
the charcoal delay beds is maintained at a constant 50 scfm by an automatically 
controlled variable-flow recirculation loop. The charcoal beds are operated at 
temperatures of -137OF to -15OOF. 
krypton and 84 days for xenon, the gases are discharged to the environment via the 
auxiliary equipment building east ventilation exhaust. 

3 activity in the cell atmosphere processing system effluent exceed 5 x 
the cell atmosphere processing monitors alarm and the gases are automatically 
recycled back to the vacuum tank for reprocessing. 

The 

The major input to the cell atmosphere processing 

The 

3 surge and delay tank. From the 

The dryer condensate i s  directed to the liquid radwaste 

Although the flow 

After holdup of approximately 1.3 days for 

Should the concentration o f  

uCi/cm , 

Only trace quantities of radio- - 
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a c t i v i t y  a re  expected t o  be re leased from t h e  c e l l  atmosphere process ing system t o  

t h e  environment. 

V e n t i l a t i o n  a i r  from t h e  r e a c t o r  containment, heat  t r m s p o r t  system south b u i l d i n g ,  

r e a c t o r  se rv i ce  b u i l d i n g ,  c losed loop v e n t i l a t i o n  exhaust, and pipeway and main 

dump heat  exchanger v e n t i l a t i o n  exhaust w i l l  be re leased t o  t h e  environment w i t h o u t  

t reatment .  The p r i n c i p a l  r a d i o n u c l i d e  i n  v e n t i l a t i o n  exhaust a i r  w i l l  be t r i t i u m  

from the  dump heat  exchangers. T r i t i u m  w i l l  d i f f u s e  from t h e  p r imary  heat  t r a n s p o r t  

system t o  t h e  secondary heat  t r a n s p o r t  system and, thence, through t h e  dump heat  

exchangers t o  t h e  exhaust a i r .  

0.088 Ci/day based on the  d i f f u s i o n  c i t e d  above. 

The FFlF P r o j e c t  est imates a t r i t i u m  re lease  of 
We concur w i t h  t h a t  est imate.  

We conclude t h a t  t h e  gaseous radwaste t reatment  system f o r  t h e  FFTF i s  capable o f  

ma in ta in ing  re leases o f  r a d i o a c t i v e  m a t e r i a l s  i n  e f f l u e n t s  "as low as i s  reasonably 

achievable" i n  accordance w i t h  10 CFR P a r t  50.34a. 

The p r i n c i p a l  components i n  the  r a d i o a c t i v e  argon and c e l l  atmosphere process ing 

systems a re  designed t l o  ASME Sect ion 111, Class 3 c r i t e r i a  and a re  seismic Category I .  

The design c a p a c i t i e s  o f  t h e  p r i n c i p a l  components i n  t h e  r a d i o a c t i v e  argon and c e l l  

atmosphere process ing ,systems a re  l i s t e d  i n  Table 11.2-1. We f i n d  t h e  proposed 

gaseous radwaste management system t o  be acceptable. "The' r a d i o a c t i v e  argon and c e l l  

atmosphere systems w i l l  be l oca ted  i n  t h e  r e a c t o r  se rv i ce  b u i l d i n g  which w i l l  be 

designed t o  seismic Category I c r i t e r i a .  

t o  be acceptable. . 
We f i n d  t h e  s t r u c t u r e s  housing t h e  systems 

11.4 S o l i d  Waste System 

The s o l i d  waste system cons is t s  o f  equipment and ins t rumen ta t i on  designed t o  c o l l e c t ,  
package, and s t o r e  rad i ioact ive s o l i d  wastes p r i o r  t o  t r a n s f e r  t o  t h e  Hanford 200 

Area f o r  f i n a l  d i s p o s i t i o n .  

o r i g i n  i n  t h e  p l a n t  and t h e  expected l e v e l s - o f  r a d i o a c t i v i t y .  

Wastes a r e  c o l l e c t e d  and packaged based on t h e i r  

The r a d i o a c t i v e  s o l i d  hiaste w i l 1 , c o n s i s t  o f  h e a t i n g  and v e n t i l a t i o n  system f i l t e r s  

and charcoal adsorbers, r a d i o a c t i v e  gas f i l t e r s ,  contaminated t o o l s  and hardware, 

c e l l  f i l t e r s ,  sodium c o l d  t raps ,  sodium samples, rags, paper, and c l o t h i n g .  As. 

appropr ia te,  t he  s o l i d  waste w i l l  be packaged indcardboard boxes, metal o r  f i b e r  

drums, wood o r  concrete boxes, f i be rg lass , -me ta l  or, concrete conta iners,  and a 

sh ipp ing  cask. of  rad io -  

a c t i v e  s o l i d  waste w i l l  be t r a n s f e r r e d  t o  t,!?e Hanford 2'00 Area annua l l y  f o r  u l t i m a t e  

d i s p o s i t i o n .  

e s t  1 mate. 

3 The FFTF P r o j e c t  est imates t h a t  approx imate ly  11,000 f e e t  

Based on a n t l c i p a t e d  maintenance a c t i v l t i e s ,  we concur w i t h  t h a t  

Temporary storage f o r  packaged s o l i d  waste w i l l  be prov ided i n  t h e  400 Area of 
B u i l d i n g  4713-6 and i n  the  r a d i o a c t i v e  l i q u i d  waste pipeway (Area 242). The s torage 

11-5 



f a c i l i t i e s  a re  i n  accordance w i t h  t h e  recommendations o f  Branch Technical P o s i t i o n  

ETSB 11-3 and adequate f o r  meeting t h e  demands o f  t h e  p l a n t .  

From these f i n d i n g s ,  we ccjnclude t h a t  t h e  s o l i d  waste system I s  acceptable. 

11.5 Process and E f f l u e n t  Rad io log i ca l  Mon i to r i ng  System 

The process and e f f l u e n t  r a d i o l o g i c a l  mon i to r i ng  system i s  designed t o  p rov ide  

i n f o r m a t i o n  concerning r a d i o a c t i v i t y  l e v e l s  throughout t h e  p l a n t ,  i n d i c a t e  r a d i o -  

a c t i v e  leakage between systems, monitor,equipment performance, and moni tor  and 

c o n t r o l  r a d i o a c t i v i t y  l e v e l s  i n  p l a n t  discharges t o  t h e  environs. 

Table 11.5-1 prov ides t h e  proposed docat ions o f  continuous monitors. Moni tors  on 

c e r t a i n  e f f l u e n t  re lease  l i n e s  w i l l  au tomat i ca l l y  t e rm ina te  discharges should 

r a d i a t i o n  l e v e l s  exceed a predetermined value. Systems which a re  n o t  amenable t o  

continuous moni tor ing,  o r  f o r  which d e t a i l e d  i s o t o p i c  analyses a re  requi red,  w i l l  

be p e r i o d i c a l l y  sampled and analyzed i n  t h e  p l a n t  l abo ra to ry .  

We have reviewed t h e  l o c a t i o n s  and types o f  e f f l u e n t  and process mon i to r i ng  pro-  

vided. Based on t h e  p l a n t  design and on continuous mon i to r i ng  l o c a t i o n s  and i n t e r -  

m i t t e n t  sampling l o c a t i o n s ,  we have concluded t h a t  a l l  normal and p o t e n t i a l  re lease 

pathways w i l l  be monitored. We have a l s o  determined t h a t  t h e  sampling and moni tor -  

i n g  p r o v i s i o n s  w i l l  be adequate f o r  d e t e c t i n g  r a d i o a c t i v e  m a t e r i a l  leakage t o  

no rma l l y  uncontaminated systems and f o r  mon i to r i ng  p l a n t  processes which a f f e c t  

r a d i o a c t i v i t y  releases. 

p r o v i s i o n s  t o  meet t h e  requirements o f  General Design C r i t e r i a  60, 63 and 64. 

On t h i s  bas i s  we consider  t h e  mon i to r i ng  and sampling 

TABLE 11.5-1 

PROCESS AND EFFLUENT MONITORING LOCATIONS 

Stream Monftored 

ffeactor Containment B u i l d i n g  V e n t i l a t i o n  Exhaust* 

Reactor Serv ice B u i l d i n g  Exhaust 

Reactor Serv ice B u i l d i n g  Unl ined C e l l s  Exhaust* 

Heat Transpor t  System Serv ice B u i l d i n g  South 
Main Exhaust 

Argon Blower and Valve C e l l  Exhaust 

Radioact ive Argon Processing System 

C e l l  Atmosphere Processing System" 

*These moni tors  alarm and au tomat i ca l l y  t e rm ina te  t h e  re lease when t h e  r a d i a t i o n  l e v e l  exceeds 
a predetermined value. 
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Eva lua t i on  F ind ings 

I n  our  review, we have evaluated re leases o f  r a d i o a c t i v e  m a t e r i a l s  i n  gaseous 

e f f l u e n t s  f o r  normal ope ra t i on  i n c l u d i n g  a n t i c i p a t e d  opera t i ona l  occurrences based 

on expected radwaste i n p u t s  over the l i f e  o f  t h e  p l a n t .  

We conclude t h a t  t h e  gaseous radwaste t reatment  system w i l l  reduce r a d i o a c t i v e  

m a t e r i a l s  i n  e f f l u e n t s  t o  "as low as i s  reasonably achievable" l e v e l s  i n  accordance 

w i t h  10 CFR P a r t  50.34;i and, t h e r e f o r e ,  i s  acceptable. 

We have considered the  c a p a b i l i t i e s  o f  t h e  radwaste systems t o  meet t h e  a n t i c i p a t e d  

demands o f  t h e  p l a n t  dire t o  a n t i c i p a t e d  opera t i ona l  occurrences and have concluded 

t h a t  t h e  l i q u i d ,  gaseous, and s o l i d  waste system c a p a c i t i e s  and design f l e x i b i l i -  

t i e s  a re  adequate t o  meet t h e  a n t i c i p a t e d  needs o f  t h e  p l a n t .  

We have reviewed t h e  q u a l i t y  assurance p r o v i s i o n s  f o r  t h e  radwaste systems, t h e  

design codes used f o r  system components, t h e  seismic design a p p l i e d  t o  t h e  design 

o f  t h e  gaseous waste process ing system, and the  seismic design a p p l i e d  t o  t h e  

design o f  s t r u c t u r e s  housing t h e  radwaste systems. 

systems and s t r u c t u r e s  housing these systems meet the  acceptance c r i t e r i a  as s e t  

f o r t h  i n  Branch Technic:al P o s i t i o n  ETSB 11-1 (Rev. 1). 

The design o f  t h e  radwaste 

We have reviewed t h e  prov is ions '  i nco rpo ra ted  i n  t h e  design t o  c o n t r o l  t he  re leases 

o f  r a d i o a c t i v e  m a t e r i a l s  i n  l i q u i d s  due t o  i nadver ten t  tank over f lows and conclude 

t h a t  t h e  measures propclsed are cons is ten t  w i t h  our acceptance c r i t e r i a  as s e t  f o r t h  

i n  Branch Technical P o s i t i o n  ETSE 11-1 (Rev. 1). 

Our rev iew  o f  t h e  r a d i o l o g i c a l  process and e f f l u e n t  mon i to r i ng  system inc luded  t h e  

p r o v i s i o n s  f o r  sampling and mon i to r i ng  a l l  normal and p o t e n t i a l  e f f l u e n t  d ischarge 
paths i n  conformance w i t h  Gleneral Design C r i t e r i o n  64, "Mon i to r i ng  R a d i o a c t i v i t y  

Releases," f o r  p r o v i d i n g  automatic t e r m i n a t i o n  o f  e f f l u e n t  re leases and assu r ing  

c o n t r o l  over re leases o f  r a d i o a c t i v e  m a t e r l a l s ' i n  e f f l u e n t s  i n  conformance w i t h  

General Design C r i t e r i o n  60, "Contro l  o f  Releaies o f  Radioact ive M a t e r i a l s  t o  the  

Environment," and f o r  sampling and mon i to r i ng  p l a n t  was8te process streams f o r  

process c o n t r o l  i n  conformance w i t h  General Design C r i t e r i o n  63, "Moni tor ing Fuel 

and Waste Storage." 

process f l o w  diagrams f o r  t h e  l i q u i d ,  gaseous and so l i c l  radwaste systems and v e n t i l a -  

t i o n  systems, and t h e  l o c a t i o n  o f  mon i to r i ng  p o i n t s  r e l a t i v e  t o  e f f l u e n t  re lease  

po in ts .  We conclude t h a t  t h e  FFTF P r o j e c t ' s  r a d i o l o g i c a l  process and e f f l u e n t  

mon i to r i ng  systems a re  acceptable. 

I 

The rev iew inc luded  p i p i n g  and ins t rumen ta t i on  diagrams and 

Based on t h e  fo rego ing  eva lua t i on ,  we conclude ( t h a t  t h e  proposed radwaste t reatment  

and mon i to r i ng  systems a re  acceptable. 

ance o f  t h e  P r o j e c t  designs, design c r i t e r i a ,  and design bases f o r  t h e  radwaste 

The bas i s  f o r  acceptance has been conform- 
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12.1 

'12.0 RADIATION PROTECTION 

General 

The P r o j e c t  has p rov ided  a management commitment t o  assure t h a t  t he  FFTF w i l l  be 

designed, const ructed,  and operated i n  a manner cons is ten t  w i t h  Regulatory Guides 

8 . 8  and 8.10. The FFTI' P r o j e c t  Manager I s  responsib le  f o r  t h e  opera t i on  and s a f e t y  

o f  t h e  p l a n t  I n  conforniance w i t h  Hanford Engineer ing Development Laboratory  (HEDL) 

p o l i c i e s  t o  assure t h a t  r a d i a t i o n  exposures a re  malnta lned as low as I s  reasonably 

achievable. The FFTF P l a n t  Manager I s  kept  informed on a l l  p e r t i n e n t  h e a l t h  phys ics 

func t i ons .  

experience w i t h  l i q u i d  metal nuc lear  r e a c t o r  f a c i l i t i e s .  They use t h i s  experience 

t o  p rov ide  p r e l i m i n a r y  and con t inu ing  reviews from c o n s t r u c t i o n  through s t a r t u p  o f  

systems in tended t o  p r o v i d e  assurance t h a t  occupational r a d i a t i o n  exposures are 

mainta ined as low as i s  reasonably achievable. 

Hanford Engineer ing Development Laboratory  h e a l t h  phys ic1 s t s  have had 

The o b j e c t i v e s  o f  t h e  p l a n t  r a d i a t i o n  p r o t e c t i o n  design a re  t o :  

(1) Ma in ta in  i n d i v i d u a l  doses and t o t a l  man-rem doses t o  p l a n t  workers, i n c l u d i n g  

c o n s t r u c t i o n  workers, and t o  members o f  t h e  general p u b l i c  as low as i s  

reasonably achievable; and 

(2) M a i n t a i n  I n d i v i d u a l  doses wi th in  t h e  l i m i t s  o f  ERDA Manual Chapter 0524. 

Rad ia t i on  exposure i s  minimized by i d e n t i f y i n g  p o t e n t i a l  r a d i a t i o n  hazards, by 

t h e  use o f  sh ie ld ing ,  by p lann ing  operat ions t o  minimize man-rem exposure, and 

by measuring and l i m i t - l n g  t ime  o f  ex te rna l  exposures o r  q u a n t i t y  of i nges ted  
i n t e r n a l  r a d i a t i o n  sources. By meeting t h e  above design ob jec t i ves ,  occupa- 

t i o n a l  r a d i a t i o n  exposures a t  t h e  FFTF w i l l  be mainta ined as low as I s  

reasonably achievable. 

I n  order  t o  s a t i s f y  t h e  des ign o b j e c t i v e s  and minimize r a d i a t i o n  exposures, t h e  

f o l l o w i n g  f a c i l i t y  and equipment des ign cons ide ra t i ons  w i l l  be Inco rpo ra ted  I n  t h e  

FFTF. I n  order  t o  ma in ta in  low personnel doses, r a d i o a c t i v e  systems w i l l  be l oca ted  

i n  I n d i v i d u a l  sh ie lded  ce l ls ) .  Remote handl ing devices, i n  con junc t i on  w i t h  s h i e l d i n g ,  

w i l l  be used t o  work on equipment I n  h i g h  r a d i a t i o n  zones. 

i n t e g r i t y  o f  t h e  s h i e l d  w a l l s ,  t h e  P r o j e c t  conducted an extens ive qual I t y  c o n t r o l  

and v i s u a l  i n s p e c t i o n  program d u r i n g  c o n s t r u c t i o n  o f  t h e  f a c i l i t y .  Operations 

i n v o l v i n g  h igh  dose ra tes ,  h i g h  contaminat ion l e v e l s ,  and h i g h  r a d i o t o x i c i t y  

m a t e r i a l s  w i l l  I nco rpo rd te  remote handling, va l v ing ,  and inst rument  readout. F l u i d  

t r a n s f e r  f a c i l i t i e s  w i l l  be designed f o r  easy f l u s h i n g  and I n t e r n a l  c lean ing  t o  

prevent  c rud  bui ldup.  

I n * o r d e r  t o  assure 

'These design cons ide ra t i ons  conform w i t h  t h e  gu ide l i nes  of 

12- 1 



Regulatory Guide 8 . 8 ,  " In fo rma t ion  Relevant t o  Ensuring t h a t  Occupational Rad ia t i on  

Exposures a t  Nuclear Power S ta t i ons  W i l l  Be As Low as i s  Reasonably Achievable," 

and are acceptable. 

The Fast F lux  Test F a c i l i t y  i s  designed f o r  a 20-year ope ra t i ng  l i f e .  A t  t h e  t ime  

the  FFTF i s  decommissioned, the  Department o f  Energy w i l l  have a u t h o r i t y  over what 

procedures w i l l  be used f o r  d i sman t l i ng  the  p l a n t .  Based on experience a v a i l a b l e  

from the  decommissioning o f  a number o f  small nuc lear  power p l a n t s  t h e  P r o j e c t  

be l i eves  t h a t  any s a f e t y - r e l a t e d  techno log ica l  problems incu r red  d u r i n g  decommis- 

s i o n i n g  o f  t he  FFTF w i l l  n o t  d i f f e r  s i g n i f i c a n t l y  from those t h a t  may occur d u r i n g  

r e a c t o r  r e f u e l i n g  and maintenance. 

safe decontamination and d i sman t l i ng ,  and t h e  P r o j e c t  be l i eves  t h a t  i t s  decom- 

m iss ion ing  can be accomplished w i t h  comp1et.e sa fe ty .  

The Fast F lux  Test F a c i l i t y  i s  designed f o r  

Operating and maintenance personnel a t  t he  FFTF f o l l o w  s p e c i f i c  plans and procedures 

the  opera t i on  o f  t h e  p l a n t .  These are based on over 100 reactor-years o f  experience 

opera t i ng  p roduc t i on  and t e s t  r e a c t o r s  a t  t he  Hanford s i t e .  

c o l d  mockups p r i o r  t o  do ing maintenance on equipment l oca ted  i n  h igh  r a d i a t i o n  

zones. 

areas be fo re  operat ions and maintenance personnel en te r .  

c o n t r o l  a l l  e n t r i e s  i n t o  r a d i a t i o n  zones. 

are monitored f o r  exposure t o  r a d i a t i o n  and contamination. 

major maintenance jobs,  personnel r a d i a t i o n  exposures are evaluated. 

are compared w i t h  exposures from prev ious j obs  t o  determine i f  changes i n  p l a n t  

procedures are needed. 

Guides 8.8 and 8.10 and are acceptable. 

, i n  order  t o  assure t h a t  "as low as i s  reasonably achievable' '  goals are achieved i n  

Personnel p r a c t i c e  on 

Hea l th  phys ics personnel reco rd  dose r a t e s  and a i r  contaminat ion i n  work 

Rad ia t i on  work pe rm i t s  

Upon complet ion o f  

Dur ing maintenance a c t i v i t i e s ,  personnel 

The r e s u l t s  

These p r a c t i c e s  conform w i t h  those recommended i n  Regulatory 

12.2 Rad ia t i on  Sources 

This  s e c t i o n  conta ins a d e s c r i p t i o n  o f  t h e  sources o f  conta ined and a i rbo rne  rad io -  

a c t i v i t y  used as i n p u t s  f o r  the 'dose assessment and f o r  t he  s h i e l d i n g  and v e n t i l a t i o n  

designs. 

q u a n t i t a t i v e  values f o r  these conta ined and a i rbo rne  source terms. 

Also i nc luded  a re  the  assumptions made by t h e  P r o j e c t  i n  a r r i v i n g  a t  

The f a s t  f l u x  t e s t  r e a c t o r  i s  t h e  e f f e c t i v e  source o f  a l l  r a d i a t i o n  i n  t h e  f a c i l i t y .  

The r e a c t o r  c a v i t y  w a l l s  and w a l l s  o f  t h e  surrounding c e l l s  w i l l  serve t o  reduce 

t h e  dose r a t e  i n  t h e  personnel access areas around the  r e a c t o r  t o  l ess  than the  

design l e v e l s .  

d u r i n g  operat ion.  

sh ie lds  surrounding t h e  p r imary  sodium. 

f o l l o w i n g  shutdown, co r ros ion  products  and f i s s i o n  products  w i l l  become t h e  pr imary 

sources o f  personnel exposure. The source terms conta ined i n  Sections 11 and 12 o f  

t he  F i n a l  Safety  Aqa lys i s  Report are based on continuous opera t i on  a t  400 MWt w i t h  

an assumed 1 percent  f a i l e d  f u e l  and 100 percent  vented f u e l  i n  t h e  f o u r  

The sodium coo lan t  w i l l  a l so  be an extremely h igh  r a d i a t i o n  source 

The s a t u r a t i o n  a c t i v i t y  o f  24Na governs t h e  design o f  a l l  operat ing 

A f t e r  t h e  decay o f  t he  sodium coo lan t  
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12.3 

open test positions. Other parameters, as well as a complete description o t  source 
term development, are contained in Section 12.1 of the Final Safety Analysis Report 

The ventilation system will route air from areas of low potential contamination to 
areas of increasing potential airborne contamination. 
from the reactor and closed loop cover gas systems is collected by the radioactive 
argon processing system. 
contamination by radioactive gases is collected by the cell atmosphere processing 
system. The basis for the control of radioactive gas leakage into occupied areas 
is based on one-tenth of the airborne radioactivity concentrations given in ERDA 
Manual Chapter 0524, Annex A, Table I. 

The radioactive effluent 

The effluent from all cells and spaces subject to potential 

Radiation Protection X g n  Features 

The radiation protection (design features at the FFTF are intended to help maintain 
occupational radiation exposures as low as is reasonably achievable. Many of these 
design features have been incorporated as a result of radiation exposure experience 
gained during the operation of other liquid metal nuclear reactors. 
minimize radiation doses associated with maintenance work, all major pieces of 
process equipment will be located in individual rooms with individual access through 
labyrinthed entranceways f-rom low radiation areas. 
be designed for easy flushing and internal cleaning. 
inside a pipe) and shielding, when necessary, will be used for transfer lines 
passing through normal work areas. 
nation will be controlled during the transfer of process materials or maintenance 
o f  equipment. 
materials shall be avoided in the design of hoods, cells, gloveboxes, and process 
equipment to prevent c:rud buildup. 
atmospheric purity, selected cells containing radioactive equipment will be lined 
with gas tight stainless steel liners and equipped with rinse systems. The hot 
cell complex is well shielded and will house remotely operated equipment for the 
performance of nondestructive examination of core components and maintenance of 
reactor plant equipment. 
to complement the "as low as is reasonably achievable" program include: ( 1 )  use of 
emergency lighting designed to provide adequate illumination after loss of preferred 
arid emergency power system supplies; (2) routing of all piping carrying radioactive 
material so as to minimize personnel exposures; and (3) clear identification of 
radiation hazards using warning lights and/or authorized signs. 
features conform with those recommended in Regulatory Guide 8.8 and are acceptable. 

In order t o  

Fluid transfer facilities will 
Double barriers (e.g., pipe 

Radiation exposure and radioactive contami- 

Rough surfaces, square corners, cracks or crevices, and absorbent 

To faci 1 itate decontamination and control of 

Other design features incorporated at the FFTF and intended 

These design 

Areas within the restricted area will be divided into five radiation zones. These 
zones will be established as a result of radiation surveys made during startup and 
operation o f  the facility. The dose rate criterion for each of these zones is 
derived from the zone'!; expected occupancy and access restrictions. 
will then be used as the basis for the radiation shielding design. 

These criteria 
This allows for 
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arrangements of radioact ive equipment t h a t  a r e  i n  accordance with the  guidel ines  o f  

Regulatory Guide 8.8. Health physics personnel w i l l  rout inely monitor and post  a l l  
rad ia t ion  zoqes within t h e  containment bui lding a s  described In ERDA Manual WHAN-M-8, 
"Radiation Protectfon Procedures. I' 

The rad ia t ion  sh ie ld ing  wi l l  be  designed t o  provide protect ion aga ins t  rad ia t ion  
f o r  operat ing personnel, both ins ide  and outs ide the  p l a n t ,  and f o r  t h e  general 
public.  
equipment from excessive rad ia t ion  damage. 
components a r e  located i n  individual c e l l s  t o  maximize the maintenance and operat ion 
f l e x i b i l i t y  while minimizing doses t o  personnel. 
bui lding a r e  arranged so t h a t  t h e  reac tor  and high a c t i v i t y  c e l l s  a r e  a t  t h e  center  
and the lower rad ia t ion  and source-free c e l l s  a r e  located around t h e  perimeter o f  

the building. 
Design fea tures  t o  minimize streaming wi l l  include: 
penetrat ions through the closure head; (2)  rout ing o f  secondary sodium piping i n t o  
the containment bui lding through dogleg penetrat ions;  (3) sh ie ld ing  of annular 
spaces around e l e c t r i c a l  cables  and coolant  channels which pass through plugs i n  
t h e  reac tor  s h i e l d ;  and (4) use o f  a boron carbide s h i e l d  r i n g  I n  t h e  annular gap 
around t h e  reac tor  vessel .  

Shielding wi l l  a l s o  be  used where i t  i s  necessary t o  pro tec t  mater ia ls  and 
The  primary heat t ranspor t  system 

The c e l l s  In t h e  Containment 

This assures  low rad ia t ion  leve ls  outs ide o f  the  Containment s t ruc ture .  
(1) use o f  stepped access 

T h e  basic  rad ia t ion  t ranspor t  ana lys i s  used f o r  t h e  P r o j e c t ' s  s h i e l d  design i s  
based on s u c h  codes as  ANISN, DOT, LDBS, and GRACE. 
used f o r  shielding problems involving s o r e  complex geometries. 
i n  t h e  p l a n t  ,is i n  compliance with A C I  Standard 318-71, "8ui lding Code Requirements 
f o r  Reinforced Concrete," and ACI Standard 301-66, "Standard Spec i f ica t ions  f o r  
S t ruc tura l  Concrete f o r  Buildings." 
presented i n  t h e  Final Safety Analysis Report and various r e l a t e d  documents accept- 
ab le  based on the c r i t e r i a  o f  the  Standard Review plan. 

Monte Carlo ca lcu la t ions  were 
The concrete  shielding 

We f i n d  the sh ie ld ing  design and methodology 

The v e n t i l a t i o n  system a t  t h e  FFTF wi l l  be designed t o  p r o t e c t  personnel and equip: 
ment from extreme thermal environmental condi t ions and ensure t ha t  p lan t  personnel 
and t h e  general  publ ic  are not inadvertent ly  exposed t o  a i rborne contaminant con- 
cent ra t ions  exceeding those given i n  EROA Manual Chapter 0524. 

t o  maintain personnel exposures as  low a s  i s  reasonably achievable by: 
ing pressure d i f f e r e n t i a l s  among t h e  zone a reas  having varying degrees o f  contami- 
nation poten t ia l  t o  control  t h e  spreed of a i rborne contaminants; (2) being ab le  t o  
a i r  purge normally iner ted  c e l l s  t o  f a c i l i t a t e  personnel en t ry  f o r  inspect ion and 
maintenance in  an a i r  atmosphere; and (3) cont ro l l ing  t h e  re lease  o f  airborne 
r a d i o a c t i v i t y  t o  t h e  outs ide  environs.  
with those recommended i n  Regulatory Guide 8.8 and a r e  acceptable.  
system a t  the FFTF i s  designed t o  i s o l a t e  t h e  containment i n  t h e  event o f  an accident  
with v i r t u a l l y  no r a d i o a c t i v i t y  re lease.  
c o l l e c t s  and processes a l l  gaseous radloact ive products from the reac tor  and closed 
loop cover gas system. 

The Project  intends 
(1)  maintain- 

These design c r i t e r i a  a r e  i n  accordance 
The vent i la t ion  

The radioact ive argon processing system 

The e f f l u e n t  from a l l  o ther  c e l l s  and spaces subjec t  t o  
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potential contamination by radioactive gases is processed through the cell atmosphere 
processing system. To prevent leakage of radioactive gases from the system, high 
integrity seals will be used in the FFTF whenever welded joints or seal welds can 
not be used. High-efficiency particulate air filters installed for use in design 
basis accident situations will be mounted in accordance with Regulatory Guide 1.52, 
"Design, Testing, and Maintenance Criteria for Postaccident Engineered Safety Feature 
Atmosphere Cleanup System Air Filtration and Adsorption Units of Light Water Cooled 
Power Plants." 
exposure to control room personnel in accordance with the guidelines of ERDA Manual 
Chapter 0524. 

Air filtration in the control room is designed to limit radiation 

The primary purpose of the area radiation monitoring system at the FFTF is to 
provide the radiatiori status at all plant locations and indications of any changes 
in radiation conditions. 
thirty-one area monitors. 
throughout the facility will be: 
the radiation sources and their proximity to personnel; (3 )  the flow of traffic; 
(4) the probability of significant increases in radiation levels; and (5) the 
anticipated radiation levels under normal and abnormal conditions. The area 
radiation monitoring system is equipped with local and remote audio and visual 
alarms and a facility for central recording. 
reactor service building are provided with a set of three high gamma evacuation 
monitors. 
evacuation alarm upon detecting high gamma activity from the reactor primary system 
or from the fuel handling or fuel storage facilities. 

To accomplish this objective, the Project plans to use 
The criteria used for installing these area monitors 

(1) the frequency and duration of occupancy; (2) 

Both the containment building and the 

Each set i 5  wired in a two-out-of-three logic network to sound an 

The primary design objectives of the Project's airborne radioactivity monitoring 
system are to (1) measure and control quantities of radionuclides in plant systems 
and (2) measure and control radioactivity in effluents or potential effluents 
before and/or during their release to the environment. 
fixed airborne radioactivity monitors at a1 1 exhaust ports which could potentially 
contain radioactive effluents resulting from system malfunctions or accident 
conditions. These monitors will continually monitor the gaseous effluent releases 
and will alarm at the detection o f  one maximum permissible concentration-hour for 
beta-gamma particulates as listed in ERDA Manual Chapter 0524, Table I .  
will provide mobile continuous air monitors to monitor for radioactive gas and 
particulate concentrations in occupied work-areas. 
inaccessible areas"where contamination may exist, the Project will use portable air 
samplers to test the concentration o f  airborne radioactivity prior to entry. 
areas where the airborne'contamination can not 
system, the Project wi 1 i take appropriate measures - t o  reduce airborne radioactivity. 
Such measures may include draining or purging o f '  radioactive materials from 
equipment in that area and removal of surface contamination from equipment and area 
surfaces. The objectives and location criteria of the FFTF's area and airborne 
radiation monitoring systems are in conformance with 10 CFR Parts 20 and 50 and 

The Project will install 

The Project 

For inert cells or other normally 

In 
controlled by the ventilation 
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Regulatory Guide 8.2 "Admin i s t ra t i ons  P rac t i ces  i n  Rad ia t i on  Mon 

Regulatory Guide 8.8. 

t o r i ng , "  and 

'12.4 Dose Assessment 

The P r o j e c t  has based t h e  est imate o f  annual man-rem exposure a t  t h e  FFTF on p l a n t  

s p e c i f i c  p r o j e c t i o n s  as t o  occupancy and dose r a t e  and on experience from c u r r e n t l y  

ope ra t i ng  r e a c t o r  f a c i l i t i e s .  Equipment and equipment l a y o u t  w i l l  be designed t o  

minimize t ime  spent by employees i n  h i g h  r a d i a t i o n  f i e l d s .  A l l  p i p i n g ,  va lves,  

pumps and o t h e r  equipment con ta in ing  pr imary coo lan t  a re  l oca ted  i n  sh ie lded  pfpeways 

o r  c e l l s  immediately surrounding t h e  reac to r .  The s h i e l d l n g  a t  t h e  FFTF was 

conserva t i ve l y  designed and t h e  ac tua l  a n t i c i p a t e d  dose r a t e s  w i t h i n  sh ie lded  c e l l s  

are expected t o  be l ess  than  t h e  design dose ra tes .  

The P r o j e c t  has performed an assessment o f  t h e  doses t h a t  w i l l  be rece ived  by p l a n t  

operators  and craftsmen. Th is  dose assessment I s  based on occupancy f a c t o r s ,  

expected dose r a t e s ,  and est imates o f  t h e  t ime  and manpower necessary t o  per form 

the  va r ious  tasks i n v o l v e d  i n  p l a n t  operat ion.  Th is  dose assessment inc ludes a 
breakdown o f  personnel by c r a f t  i n t o  operators ,  e lec ' t r i c l ans ,  inst rument  techn ic ians ,  

m i l l w r i g h t s ,  p i p e  f i t t e r s ,  welders, and servicemen. 

t o t a l  annual man-rems t o  p l a n t  operators  and craftsmen t o  be 132 man-rem. Th is  

est imate i s  based on experience i n  ope ra t i ng  o the r  reac to rs  and on s tud ies  t o  

determine the  amount o f  t ime  operators  and craftsmen would spend i n  va r ious  c e l l s  

o f  t h e  FFTF t o  operate and ma in ta in  equipment. 

r e a c t o r s  average between 400 and 500 man-rems pe r  u n i t  annual ly .  

t h e  FFTF i s  a l i q u i d  metal breeder r e a c t o r ,  t h e  expected opera t i ng  doses can be 

expected t o  d i f f e r  from those o f  l i g h t  water reac to rs .  
l i g h t  water r e a c t o r s  by t h e  f a c t  t h a t  operat ions such as f u e l  hand l i ng  and equipment 

maintenance a re  c a r r i e d  o u t  I n  w e l l  sh ie lded  c e l l s  w i t h  remote ly  operated equipment. 

Th i s  g r e a t l y  reduces t h e  personnel exposure associated w i t h  these operat ions.  I n  

a d d i t i o n ,  t h e  f a s t  t e s t  r e a c t o r ,  p r imary  sodium p i p i n g ,  and associated valves and 

equipment are w e l l  sh ie lded  i n  c e l l s  hav ing i n e r t  atmospheres. Access t o  p r imary  

p i p i n g  components i s  r e s t r i c t e d  f o r  s u f f i c i e n t  t ime  f o l l o w i n g  shutdown t o  a l l o w  f o r  

sodium decay. 

c o n s i s t e n t  w i t h  t h e  acceptance c r i t e r i a  I n  t h e  Standard Review Plan. 

The P r o j e c t  est imates t h e  

C u r r e n t l y  Operating l i g h t  water  

However, s ince  

The FFTF d i f f e r s  from most 

We f i n d  t h e  bas i s  f o r  t h e  FFTF's exposure est imate acceptable and 

Ai rborne r a d l o a c t l v i t y  l e v e l s  i n  normdi ly  o r  v o u t i n e l y  occupied areas where a 

p o t e n t i a l  e x i s t s  f o r  h i g h  a i rbo rne  a c t i v i t y  w i l l  be c o n t r o l l e d  by approp r ia te  

v e n t i l a t i o n  system design. 

a c t l v f t y  moni tors  and r e s p i r a t o r y  p r o t e c t i o n  equipment, when needed, d u r i n g  

maintenance, i nspec t i on ,  and r e f u e l i n g .  A11 b u i l d i n g s  hav ing a p o t e n t i a l  f o r  

r a d i o a c t i v e  a i rbo rne  contaminat ion w i l l  be equipped w i t h  a i rbo rne  r a d i o a c t i v i t y  

moni tors  b o t h  upstream and downstream o f  t h e  f i l t r a t i o n  systems. 

leakage i n t o  I n e r t  atmospheres w i l l  be processed d i r e c t l y  through t h e  c e l l  atmosphere 

process ing system. Therefore, t h e r e  w i l l  be no r a d i a t f o n  exposure i n  t h e  containment 

work areas due t o  leakage o f  noble gases from the  reac to r .  

The P r o j e c t  w i l l  use f i x e d  and p o r t a b l e  a i rbo rne  

Radioact ive gas 

Estimates o f  leakage 
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into the air atmosphere, as well as estimated internal dose estimates, are presented 
in Section 12.1 of the Final Safety Analysis Report. The Project's dose estimates 
for noble gases are based on comparability with the assumptions given in Regulatory 
Guide 1.4, "Assumptions Used for Evaluating the Potential Radiological Consequences 
of a Loss-ofTCoolant Accident for Pressurized Water Reactors," and are well within 
the exposure limits for noble gases contained in 10 CFR Part 50, Appendix I. 
total estimated dose due to maximum expected gaseous leakage at the FFTF is several 
orders of magnitude below the dose limit for individuals in unrestricted areas 
designated in ERDA Manual Chapter 0524. 

The 

12.5 Health Physics Program 

The objectives of the Project's health physics program are to provide reasonable 
assurance that the limits of ERDA Manual Chapter 0524 are not exceeded and to 
ensure that occupational radiation exposures to employees, visitors, and others 
from Hanford operations are maintained as low as is reasonably achievable. The 
Manager of FFTF Health and Safety is in charge of this program and he is responsible 
for keeping the Manager of HEDL Plant Safety informed at all times of radiation 
hazards and conditions related to potential exposure. Duties of the Manager of 
FFTF Health and Safety include establishment and direction of an adequate health 
and safety program, providing general safety and radiological control indoctri- 
nations of all site personnel, detailed training of personnel involved with work in 
radiation areas, and review and approval of nuclear and criticality safety procedures 
for the FFTF. The objectives of the health physics program and the ways in which 
it will be implemented are in accordance with the guidelines of Regulatory Guides 
8.8, 8.2, 8.10, and 1.8 and are acceptable. 

The radiation protection facilities at the FFTF will include a counting room, per- 
sonnel decontamination room, health physics offices, control points, laundry, 
radioactive work tool room, and a radiation management laboratory. Nearby Hanford 
facilities will be available for ultra-low-level radiological analyses, bioassay 
and environmental sample analyses, personnel dosimeter processing, and instrument 
calibration. These facilities are sufficient to maintain occupational radiation 
exposures as low as is reasonably achievable and are consistent with the provisions 
of Regulatory Guide i3.8. 

Equipment to be used for radiation protectidn purposes will be current state-of-the- 
art equipment. It will include portable radiation survey instruments, personnel 
dosimetry instrument;, fixed and portable area and airborne radioactivity monitors, 
laboratory equipment, air samplers, respiratory equipment, hand and shoe counters, 
and protective clothing. The number and types of equipment to be used are adequate 
and provide reasonable assurance that the Project will be able to maintain occupa- 
tional radiation exposures as low as i s  reasonably achievable. A l l  permanent and 
temporary plant personnel who do not work with radioactive materials and who do not 

I 
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require e n t r y  I n t o  r a d i a t i o n  zones w l l l  be assigned a Hanford bas i c  thermoluminescent 

dosimeter (gamma measurement on l y ) .  Th is  thermoluminescent dosimeter w i l l  be 

exchanged annual ly .  A l l  personnel whose work i nvo l ves  r o u t l a e  e n t r y  i n t o  r a d i a t i o n  

zones w l l l  be asslyned a Hhnford mul t ipurpose thermoluminescent dosimeter (beta, 

gamma, and neutron measurement). Th i s  w l l l  be exchanged monthly f o r  a l l  employees 

whose annual dose i s  expected t o  exceed one rem, and q u a r t e r l y  f o r  a l l  o thers.  A l l  

personnel w l l l  be asslgned,pocket l o n l z a t l o n  chambers when e n t e r l n g  t h e  c o n t r o l l e d  

area. 

t o t a l  o f  an i n d i v i d u a l ' s  dose p r i o r  t o  thermolumlnescent dosimeter processlng. 

The readlngs from these l o n l z a t l o n  chambers w i l l  be used t o  keep a runn ing  

Employees who work w i t h  r a d l o a c t l v e  m a t e r i a l  i n  a d l spens ib le  form rece ive  r e g u l a r l y  

scheduled i n t e r n a l  dose evaluat ions.  Employees w i l l  r ece i ve  i n - v l v o  examinations 

w i t h  t h e i r  r o u t i n e  employee medlcal examlnations. I n  a d d i t l o n ,  a con t rac ted  

l a b o r a t o r y  w i l l  c o l l e c t  and per form radlochemlcal and autoradiographlc  ana lys l s  o f  

exc re to ry  specimens from s p e c l f i e d  Hanford employees. 

Maintenance, r e p a i r ,  s u r v e l l l a n c e ;  and r e f u e l i n g  procedures and methods used by t h e  

P r o j e c t  a r e  approved by t h e  h e a l t h  phys lcs s e c t i o n  t o  assure as low as I s  reasonably 
achlevable exposures I n  accordance w i t h  Regulatory  Guide 8 . 8 .  Procedures a re  a l s o  

developed t o  assure t h a t  exposure l i m l t s  a re  n o t  exceeded by p l a n t  o r  v l s l t o r  per- 

sonnel on s i t e ;  t o  admin i s te r  and c o n t r o l  cond l t l ons  o f  r a d l a t l o n  work perml ts ;  t o  

p o s t  r a d l a t l o n  areas; t o  e s t a b l l s h  r a d i a t i o n  access c o n t r o l  zones; t o  c o n t r o l  a l l  

r a d l o a c t l v e  m a t e r i a l  e n t e r l n g  o r  l e a v i n g  t h e  p l a n t  s i t e ;  and t o  t r a l n  p l a n t  and 

v l s l t o r  personnel i n  r a d l a t l o n  p r o t e c t l o n  p o l i c i e s  and procedures. 

Eased on t h e  i n f o r m a t i o n  presented I n  the  F i n a l  Sa fe ty  Ana lys i s  Report and t h e  

P r o j e c t ' s  responses t o  our  quest ions,  we conclude t h a t  t h e  P r o j e c t  in tends t o  

Implement a r a d l a t l o n  p r o t e c t l o n  program t h a t  w i l l  ma in ta in  i n - p l a n t  r a d l a t l o n  

exposures w i t h i n  t h e  a p p l i c a b l e  l i m i t s  o f  ERDA Manual Chapter 0524 and w l l l  ma in ta in  

occupat ional  r a d i a t i o n  exposures as low as i s  reasonably achlevable. 
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13.0 CONDUCT OF OPERATIONS 

13.1 Organizational Structure and Qualifications 

The Fast Flux Test Facility operational activities are conducted under the onsite 
supervision o f  the FFTF Plant Manager. He reports to the Vice-president, FFTF 
Project, who in turn reports to the President, Westinghouse Hanford Company. 

The Plant Manager is responsible for the safe and reliable operation o f  the site. 
Reporting to the Plant Manager is a staff o f  approximately 252 full-time employees. 
This includes: An FF'TF Operations Manager, responsible for the safe operation o f  

the FFTF plant and supporting facilities, with a staff o f  approximately 130 persorls; 
an FFTF Maintenance Manager, responsible for all plant preventive and corrective 
maintenance activltie!;, with a staff o f  approximately 93 persons; an FFTF Planning 
and Scheduling Manager, responsible for coordination o f  activities and scheduling, 
with a staff o f  approximately 5 persons; an FFTF Plant Engineering Manager, respon- 
sible for providing engineering services to other plant groups, with a staff o f  

approximately 13 persons; and an FFTF Health and Safety Manager (reports to the 
FFTF Plant Manager for technical direction only), responslble for health physics 
functions and industrial safety, with a staff o f  approximately 1 1  persons. 

Reporting to the FFTF operations Manager are the plant operating shifts. 
crew for plant operation will consist o f  16 persons. Two o f  these will hold qualifi- 
cations equivalent to a licensed operator. In addition, each shift will include 3 
interim examination and maintenance cell technicians, several trainees, a shift 
maintenance crew, and a radiation monitor technician. 

The shift 

We have reviewed the qualification requirements for plant personnel described in 
Section 13.1.3 o f  the Final Safety Analysis Report and find them acceptable since 
they meet the qualification requirements described in Revislon 1 to Regulatory 
Guide 1.8, "Personnel Select1on"and Training," 'The Project has stated that they 
will submit to us general personnel qualifications prlor to reactor startup. 

Technical support for the plant staff will be provided by the technical staff o f  

the Hanford Engineering Development Laboratory. 

We conclude that the organlzatlonal structure and qualification requirements o f  

plant personnel meet Revlsion 1 -to Regulatory Guide 1.8, and are satisfactory to 
provide an acceptable operati ng staff. We further conclude that the Project has 
the necessary resources to provide technical support for the operation of the 
plant. 
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13.2 Emergency Planning 

13.3 

The Hanford Engineering Development Laboratory has submitted, as part o f  the Final 
Safety Analysis Report, an Emergency Plan for the Fast Flux Test Fgcility. 
reviewed this Emergency Plan, dated March 1978, and find that it includes all of 

the elements o f  emergency planning required o f  commercial nuclear power reactors as 
detailed in 10 CFR 50, Appendix E, Emergency Plans for Production and Utilization 
Facilities. The plan follows the format o f  Annex A to Regulatory Guide 1.101, 
"Emergency Planning for Nuclear Power Plants," generally conforms to the contents 
specified in the guide, and provides interfaces with those offsite agencies who may 
be called upon to provide emergency services in the event o f  an accident at the 
site. 

We have 

The State o f  Washington, Department o f  Emergency Services prepared, as a part o f  

their general disaster preparedness activities, a document entitled, "Washington 
State Emergency Plan for Fixed Nuclear Facility Incidents." This plan, dated May 
1976, was reviewed and concurred in by the Commission's Office o f  State Programs. 
The plan satisfactorily conforms to the guidance found In the Commission's Guide 
and Checklist for Development and Evaluation o f  State and Local Government Radiological 
Emergency Response Plans in Support o f  Fixed Nuclear Facilities, NUREG-75/111. 
Fast Flux Test Facilty is one o f  several nuclear facilities in the State o f  Washington 
which are identified in this plan, and for which contingency planning has been 
developed by the State to ensure that existing capabilities are effectively utilized 
to minimize the effects o f  nuclear incidents. 

The 

Review and Audit 

The Hanford Engineering Development Laboratory has described their proposed provisions 
for the review and audit o f  plant operations. 
Committee that will provide a continuing review o f  plant operations and the independent 
Safeguards Council that will provide an independent review o f  plant operations. 
have reviewed the provisions fo r  the review o f  plant operations and find them 
acceptable since they meet Section 4 o f  ANSI N18.7-1976, "Administrative Controls 
and Quality Assurance f o r  the Operational Phase o f  Nuclear Power Plants." Audits 
o f  plant activities are described in Section 16 o f  the Final Safety Analysis Report. 

They include the Operations Review 

We 
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14.1 

14.0 INITIAL TEST PROGRAMS 

Summary 

We have reviewed t h e  i n f o r m a t i o n  prov ided I n  the  F i n a l  Sa fe ty  Ana lys i s  Report 

( through Supplement 25) p e r t a i n i n g  t o  t h e  i n i t i a l  t e s t  program. Th is  rev iew 

inc luded  an eva lua t i on  o f :  

(1) The P r o j e c t  o rgan iza t i on  and s t a f f i n g  f o r  t h e  development, conduct, and 

e v a l u a t i o n  o f  t he  t e s t  program. 

(2) The q u a l i f i c a t i o n s  and experience o f  t he  p r i n c i p a l  p a r t i c i p a n t s  managing 

and superv i s ing  t h e  t e s t  program. 

(3) The a d m i n i s t r a t i v e  c o n t r o l s  t h a t  w i l l  govern the  development, conduct, and 

e v a l u a t i o n  o f  t h e  t e s t  program. 

(4) The degree of p a r t i c i p a t i o n  o f  t h e  p l a n t  ope ra t i ng  and t e c h n i c a l  s t a f f  i n  

t h e  t e s t  program. 

(5) The P r o j e c t ' s  requirements p e r t a i n i n g  t o  the  t r i a l  use o f  p l a n t  ope ra t i ng  

and emergency procedures d u r i n g  t h e  t e s t  program. 

(6) The schedule f o r  conducting the  t e s t  program. 

(7) The sequence o f  t e s t i n g  t o  be fo l lowed.  

( 8 )  The methods f o r  conduct ing i n d i v i d u a l  t e s t s  and t h e  acceptance c r i t e r i a  t o  

be used I n  eva lua t i ng  t h e  t e s t  r e s u l t s  f o r  p l a n t  s t ruc tu res ,  systems, and 

components. 

(9) The t e s t  program's conformance w i t h  a p p l i c a b l e  Regulatory Guides i n c l u d i n g  

1.41 (March 1973), "Preoperat ional  Tes t i ng  o f  Redundant Onsi te  E l e c t r i c  

Power Systems t o  V e r i f y  Proposed Load Group Assignments," and 1.80 (June 

1974), "Preoperat ional  Tes t i ng  o f  Inst rument  A i r  Systems." 

We have concluded t h a t  w i t h  t h e  except ion o f  t h e  con f i rma to ry  t e s t s  planned f o r  

demonstrat ing n a t u r a l  c i r c u l a t i o n  c a p a b i l i t y  t h a t  i s  noted below, t h e  i n f o r -  

mat ion prov ided i n  t h e  F i n a l  Sa fe ty  Ana lys i s  Report shows t h a t  an acceptable 

i n i t i a l  t e s t  program w i l l  be conducted i n  accordance w i t h  t h e  acceptance c r i t e r i a  

i n  Sec t i on  14.2 o f  t h e  Standard Review Plan and w i t h  t h e  r e g u l a t o r y  
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p o s i t i o n s  o f  the  r e g u l a t o r y  guides l i s t e d  i n  I t e m  9 above, o r  t h a t  acceptable 

j u s t i f i c a t i o n  has been prov ided f o r  exceptions t o  the  r e g u l a t o r y  p o s i t i o n s  i n  

these guides. 

14.2. Natura l  C i r c u l a t i o n  V e r i f i c a t i o n  Test  P lan 

I n  o rder  t o  v e r i f y  t h a t  the  FFTF heat removal system w i l l  adequately remove 

decay heat from the  r e a c t o r  core i n  the  absence o f  pr imary and/or secondary heat 

t r a n s f e r  system fo rced c i r c u l a t i o n ,  the  P r o j e c t  propased t o  conduct a s e r i e s  o f  

t e s t s  demonstrat ing the  e f f e c t i v e n e s s  o f  the  na tu ra l  c i r c u l a t i o n  decay heat 

removal op t ion .  We and our consu l tan ts  have reviewed the  proposed t e s t s  as 

descr ibed i n  " I n t e r i m  Summary o f  FFTF Natura l  C i r c u l a t i o n  Test Plans'' (September 

1977), which was submi t ted f o r  review. The f o l l o w i n g  eva lua t ion  o f  the  proposed 

t e s t  program i s  based p r i m a r i l y  on our rev iew o f  t h a t  document and on indepen- 

dent  analyses performed by our consu l tan ts  a t  Brookhaven Nat iona l  Laboratory  and 

t h e  U n i v e r s i t y  o f  C a l i f o r n i a  a t  Los Angeles. 

The na tu ra l  c i r c u l a t i o n  v e r i f i c a t i o n  t e s t  program, as proposed, cons is ts  o f  
t h r e e  separate t e s t s .  The f i r s t ,  HTS Secondary Loop Natura l  C i r c u l a t i o n  Test  

T-51-3A018, has as i t s  purpose the  de terminat ion  o f  the  na tu ra l  c i r c u l a t i o n  

performance o f  t h e  secondary heat  t r a n s p o r t  system. 

on the  one tornado miss i le-hardened secondary heat  t r a n s p o r t  system loop. 

pumps i n  t h e  t w o  remaining secondary loops and i n  a l l  t h r e e  pr imary heat  t r a n s p o r t  

system loops w i l l  operate and w i l l  p rov ide ,  i n  con junc t ion  w i t h  loop t r a c e  

heaters  and dump heat exchanger pre-heaters ,  the  r e q u i r e d  heat i n p u t  t o  the  

system. No nuc lear  heat  w i l l  be used i n  t h i s  t e s t .  Stated o b j e c t i v e s  o f  t h i s  

t e s t  a re  (1) t o  determine steady s t a t e  na tu ra l  c i r c u l a t i o n  f l o w  i n  a secondary 

loop as a f u n c t i o n  o f  loop temperature d i f f e r e n c e s ,  (2) t o  v e r i f y  t h a t  dump heat 

exchanger modules can be i s o l a t e d  w i t h o u t  undue p e r t u r b a t i o n  under na tu ra l  

c i r c u l a t i o n  c o n d i t i o n s ,  (3) t o  demonstrate na tu ra l  c i r c u l a t i o n  c a p a b i l i t y  a t  

r e f u e l i n g  c o n d i t i o n s  w i t h  low decay heat  power, (4) t o  eva lua te  f u r t h e r  dump 

heat  exchanger heat  l oss  c h a r a c t e r i s t i c s ,  and (5) t o  o b t a i n  ins t rumenta t ion  and 

p l a n t  o p e r a t i o n  experience under na tu ra l  c i r c u l a t i o n  cond i t ions .  

A l l  t e s t i n g  w i l l  be performed 

The 

The second t e s t  i s  designed t o  f o l l o w  the  f i r s t  and has been designated Steady 

Sta te  Natura l  C i r cu la t i ' on  Test  T-51-4A009. 

evaluate t h e  performance o f  bo th  t h e  pr imary and secondary heat  t r a n s p o r t  loops 

us ing  nuc lear  heat  f o r  var ious  values of the  core a x i a l  temperature d i f f e r e n c e  

up t o  t h e  i n i t i a l  core des ign va lue of 258OF. 

a re  (1) t o  per form a t r a n s i t i o n  from fo rced t o  na tu ra l  c i r c u l a t i o n  i n  the  r e a c t o r  

and pr imary heat  t r a n s p o r t  loops, (2) t o  determine power removal c a p a b i l i t y  from 

t h e  r e a c t o r  through t h e  pr imary  heat  t r a n s p o r t  loops under na tu ra l  c i r c u l a t i o n  

c o n d i t i o n s  as a f u n c t i o n  o f  the  temperature d i f f e r e n c e  across the  r e a c t o r ,  (3) 

t o  demonstrate na tu ra l  c i r c u l a t i o n  opera t ion  o f  the  r e a c t o r  and o f  bo th  the  

The purpose o f  t h i s  t e s t  i s  t o  

Stated o b j e c t i v e s  o f  t h i s  t e s t  
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pr imary and sec0ndar.y heat  t r a n s p o r t  loops a t  t he  maximum power l e v e l  a t t a i n a b l e  

w i t h i n  i n i t i a l  core design temperature l i m i t s ,  and (4) t o  determine the  response 

t o  a s tep  change i n  /power under n a t u r a l  c i r c u l a t i o n  cond i t i ons .  

The l a s t  o f  t he  proposed t e s t s  i s  designated as T rans ien t  Na tu ra l  C i r c u l a t i o n  

Test T-51-5A008. Th is  t e s t  w i l l  v e r i f y  t h a t  t he  FFTF w i l l  s a t i s f a c t o r i l y  undergo 

t r a n s i t i o n  t o  t h e  n a t u r a l  c i r c u l a t i o n  heat  removal mode f o l l o w i n g  scrams from 

steady-state fo rced  c i r c u l a t i o n  opera t i on  a t  lower l e v e l s  rang ing  from 5 percent  

t o  100 pe rcen t  o f  i n i t i a l  core power, w i t h  a l o s s  o f  e l e c t r i c  power t o  a l l  

p r imary  and secondary coo lan t  pump motors and t o  the  dump heat  exchanger fans. 

For p o r t i o n s  o f  t h e  above t e s t s ,  c e r t a i n  m o d i f i c a t i o n s  t o  t h e  p l a n t  p r o t e c t i o n  

system a r e  r e q u i r e d  i n  order  t o  a l l o w  p l a n t  operat ion.  For example, t he  p l a n t  

p r o t e c t i o n  system must be mod i f i ed  t o  a l l o w  c r i t i c a l  r e a c t o r  ope ra t i on  under 

pony motor fo rced  c i r c u l a t i o n  and under n a t u r a l  c i r c u l a t i o n  cond i t i ons .  

of t he  t e s t s ,  sodium temperatures must be monitored i n  o rde r  t h a t  any onset o f  

sodium f r e e z i n g  o r  b o i l i n g  can be aver ted by operator  ac t i on .  

For a l l  

I n  general,  t he  p lan t .  p r o t e c t i o n  system m o d i f i c a t i o n  and temperature mon i to r i ng  

aspects o f  t h e  proposed v e r i f i c a t i o n  t e s t  program appear t o  be acceptable. 

The P r o j e c t  has i nd i ca ted ,  however, t h a t  some changes i n  t h e  i n d i v i d u a l  t e s t  

s p e c i f i c a t i o n s  have been made which have n o t  been submi t ted f o r  our  rev iew a t  

t h i s  t ime, and t h a t  s t i l l  a d d i t i o n a l  changes a re  c u r r e n t l y  be ing  processed. The 

P r o j e c t  has agreed t h a t  a l l  pro ject -approved n a t u r a l  c i r c u l a t i o n  t e s t  s p e c i f i c a -  

t i o n s  w i l l  be submi t ted f o r  our  rev iew and t h a t  a l l  a d d i t i o n a l  changes t o  these 

approved t e s t  s p e c i f i c a t i o n s  w i l l  be submi t ted as they become a v a i l a b l e .  

There are a number of recommendations which we have presented t o  t h e  P r o j e c t  

rega rd ing  t h e  t e s t  pr'ogram. These recommendations a re  now discussed i n  d e t a i l .  

( 1 )  I n  a d d i t i o n  t o  v e r i f y i n g  n a t u r a l  c i r c u l a t i o n  c a p a b i l i t y  under s p e c i f i c  

ope ra t i ng  cond i t i ons ,  i t  i s  our  o p i n i o n  t h a t  a secondary o b j e c t i v e  o f  t he  

proposed t e s t  program i s  t o  v e r i f y  t h e  thermal-hydraul i c  computer codes 

(e.g., IANUS and FLOOISC) which have been used t o  p r e d i c t  bo th  the  p l a n t  . 
n a t u r a l  c i r c u l a t i o n  behavior  as w e l l  as t h e  p l a n t ,  thermal-hydraul ic  behavior  

under o t h e r  f l o w  condi t ions:  Such v e r i f i c a t i o n  i s  necessary s ince  these 

computer codes a re  r e l i e d  on t o  p > e d i c t  n a t u r a l  c i r c u l a t i o n  phenomena o r  

t r a n s i e n t  condit-dons o t h e r  t h a n  those e x p l i c i t l y  considered i n  t h e  v e r i f i -  

c a t i o n  t e s t  program. 

rega rd ing  t h e - e x t e n t ' t o ' w h i c h  code v e r i f i c a t i o n  i s  des i rab le .  

op in ion  t h a t  these a n a l y t i c a l  models should be v e r i f i e d  t o  t h e  e x t e n t  

p o s s i b l e  i n  o rde rs to  demonstrate t h e  degree o f  conservatism i n  t h e  FFTF 

nominal design and s a f e t y  margins. 

The s t a f f  and t h e  P r o j e c t  have n o t  agreed s p e c i f i c a l l y  

I t  i s  our  
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I n  o rde r  t o  accomplish these ob jec t i ves ,  we s t r o n g l y  recommed t h a t  t he  

a n a l y t i c a l  p r e - t e s t  p r e d i c t i o n s  o f  t he  n a t u r a l  c i r c u l a t i o n  t e s t s  inc lude:  

(1) "best  est imate' '  p r e d i c t i o n s  us ing r e a l i s t i c  models, methods, and parameter 

va lue assumptions and (2) p r e d i c t i o n s  us ing  t h e  models, methods, and parameter 

va lue assumptions o f  Chapter 15 o f  t h e  F i n a l  Safety  Analys is  Report, b u t  

based on t h e  nominal c o n d i t i o n s  o f  t h e  t e s t  (e.g., a decay heat  u n c e r t a i n t y  

o f  25 percent  would be a p p l i e d  t o  t h e  nominal decay heat  expected i n  t h e  

core a t  t h e  t ime  o f  t h e  t e s t ) .  

p r e - t e s t  p r e d i c t i o n s  does n o t  demonstrate t h a t  t he  models as used i n  the  

F i n a l  Safety  Analys is  Report a re  conservat ive,  reassessment o f  t h e  Chapter 

15 analyses i s  recommended. 

I f  the  comparison o f  t e s t  data t o  t h e  

(2) A n a t u r a l  c i r c u l a t i o n  t r a n s i e n t  can, depending on i t s  s e v e r i t y ,  i n t roduce  

thermal t r a n s i e n t s  i n  var ious heat  t r a n s p o r t  system components, p o t e n t i a l l y  

a f f e c t i n g  adverse ly  t h e  design l i f e t i m e  o f  those components. 

FFTF components appear t o  be s u f f i c i e n t l y  instrumented t o  adequately de te r -  

mine t h e  thermal t r a n s i e n t ,  i f  any, a g i ven  system t r a n s i e n t  has caused i n  

a component. It i s  our  recommendation, i n  order  t o  v e r i f y  t h a t  component 
s t resses remain s u f f i c i e n t l y  small  throughout  t h e  design l i f e t i m e ,  t h a t  t h e  

P r o j e c t  p r e d i c t  p r i o r  t o  the  t e s t  t h e  thermal t r a n s i e n t s  expected t o  occur 

i n  a s s o c i a t i o n  w i t h  the  more severe o f  t h e  proposed n a t u r a l  c i r c u l a t i o n  

t e s t s  i n  major system components such J S  t h e  i n te rmed ia te  heat  exchanger, 

t h e  dump heat  exchanger, and r e a c t o r  vessel. These p r e d i c t i o n s  can then be 

compared w i t h  t h e  measured thermal t r a n s i e n t s  i n  t h e  va r ious  components t o  

determine t h e  adequacy o f  t h e  des ign du ty  c y c l e  f o r  each major component. 

I f  t h e  measured data i n d i c a t e  s t resses i n  excess o f  those f o r  which t h e  

equipment was designed, we recommend m o d i f i c a t i o n  o f  t h e  proposed component 

du ty  c y c l e  t o  prevent  premature component f a i l u r e .  

Most o f  t h e  

(3)  The impacts o f  a tornado, a l though a low p r o b a b i l i t y  event, can i nc lude  

bo th  t h e  l o s s  o f  i n t e g r i t y  o f  t h e  two non-tornado miss i le-hardened secondary 

heat  t r a n s p o r t  loops, and the  l o s s  o f  power suppl ies f o r  t h e  main coo lan t  

pump motors and pony motors i n  a l l  t h r e e  pr imary and secondary heat  t r a n s p o r t  

loops and f o r  t h e  dump heat  exchanger fans. 

system c o n f i g u r a t i o n  under n a t u r a l  c i r c u l a t i o n  c o n d i t i o n s  w i l l  be by Phase 

I c o o l i n g  from t h e  hardened loop  and Phase I6 c o o l i n g  from t h e  unhardened 

loops. Phase I c o o l i n g  u t i l i z e s  t h e  dump heat  exchangers as t h e  

heat  s i n k  i n  a g iven loop. Phase I 1  c o o l i n g  u t i l i z e s  t h e  pr imary system 

p i p i n g  as t h e  heat  s ink ,  w i t h  heat  losses through pr imary loop p i p e  w a l l s  

a f t e r  t h e  associated secondary l oop  has f rozen  o r  o therwise ceased t o  

Decay heat  removal from t h i s  

(Note: 

ng, which occurs l a t e r  i n  t h e  cooldown t r a n s i e n t ,  

cooldown a f t e r  a l l  pr imary loops c o n t a i n  s o l i d i f i e d  

func t i on .  Phase I11 cool  

cons i s t s  o f  r e a c t o r  vesse 

sodium. ) 

A 

@ 
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Th is  combination o f  system c o n f i g u r a t i o n  and c o o l i n g  modes i s  n o t  e x p l i c i t l y  

t e s t e d  i n  t h e  proposed n a t u r a l  c i r c u l a t i o n  t e s t  program. 

minimal o p p o r t u n i t y  i n  t h e  proposed t e s t  program f o r  d e t a i l e d  the rma l -hyd rau l i c  

code v e r i f i c a t i o n  d b r i n g  unequal loop f l o w  cond i t i ons  such as t h i s  and 

because t h e  p o t e n t i a l  f o r  such unequal low v e l o c i t y  f lows i n  va r ious  p o r t i o n s  
o f  t h e  r e a c t o r  can lead  t o  unexpected non-uniform core coo l i ng ,  we recommended 

t h a t  t h e  proposed n a t u r a l  c i r c u l a t i o n  v e r i f i c a t i o n  t e s t  program be extended 

t o  i nc lude  a system t e s t  which approximates t h e  post - tornado system con f igu ra -  , 

t i o n .  

concurrent  w i t h  a1 t o t a l  l o s s  o f  power, simultaneous w i t h  t h e  manual c l o s i n g  

o f  t h e  dump heat  exchanger i s o l a t i o n  va lves associated w i t h  t h e  two unhardened 

loops. The heat  t r a n s p o r t  system behavior  d u r i n g  t h i s  t r a n s i e n t  t e s t  would 

be p r e - t e s t  p r e d i c t e d  i n  bo th  a hes t  est imate and a conservat ive manner 

us ing  the  approp r ia te  the rma l -hyd rau l i c  computer codes as a f u r t h e r  means 

o f  code v e r i f i c a t i o n .  I n  response t o  our  recommendation, t h e  P r o j e c t  has 

proposed ins tead  t o  modify t h e  t e s t  program t o  i nc lude  an "unequal loop 

f l ow"  t e s t  and has i n d i c a t e d  t h a t  t he  rev i sed  t e s t  s p e c i f i c a t i o n  w i l l  be 

submi t ted t o  us. 

I n  l i g h t  o f  t h e  

The recommended t e s t  i nc luded  a r e a c t o r  scram from power ope ra t i on  

We w i l l  rev iew the  t e s t  s p e c i f i c a t i o n  when i t  i s  submitted. 

(4) Throughout the  planned l i f e  o f  t h e  f a c i l i t y ,  i t  i s  probable t h a t  changes i n  

pump coastdown r a t e s ,  heat t r a n s f e r  surfaces, and coo lan t  f l o w  paths ( i . e . ,  

c rud  bu i l dup  and r o d  bowing) w i l l  occur. Since n a t u r a l  c i r c u l a t i o n  

performance can be a f f e c t e d  s t r o n g l y  by r e l a t i v e l y  small changes i n  these 

the rma l -hyd rau l i c  c h a r a c t e r i s t i c s  and i n  l i g h t  o f  t h e  general l a c k  o f  

i n d u s t r y  experience w i t h  n a t u r a l  c i r c u l a t i o n  phenomena i n  f a c i l i t i e s  o f  

t h i s  s i z e  and type,  we recommend t h a t  (1) performance c r i t e r i a  be s e t  f o r  

such p l a n t  parameters as core pressure drop and pump coastdown r a t e s  and 

t h a t  these parameters be measured throughout  t h e  f a c i l i t y  l i f e t i m e  and (2) 

a s i n g l e  t e s t  sequence from t h e  proposed na tu ra l  c i r c u l a t i o n  v e r i f i c a t i o n  
t e s t  program be performed p e r i o d i c a l l y  throughout t h e  f a c i l i t y  l i f e t i m e  

(e.g., every two years) i n  o rde r  t o  determine t h e  e f f e c t s  o f  ag ing and wear 

on system n a t u r a l  c i r c u l a t i o n  performance. It i s  s p e c i f i c a l l y  recommended 

t h a t  t h i s  t e s t  c o n s i s t  o f  a scram from steady-state fo rced  c i r c u l a t i o n  

opera t i on  a t  as h igh  a power as f e a s i b l e ,  w i t h  a subseqLent t r a n s i t i o n  t o  

n a t u r a l  c i r c u l a t i o n  heat  removal. 1 S i m i l a r  t o  t h e  n a t u r a l  c i r c u l a t i o n  

v e r i f i c a t i o n  t e s t  program - to  be performed a t  p l a n t  s t a r t u p ,  t h e  system 

t r a n s i e n t  assoc iated w i t h  t h i s  p e r i o d i c  t e s t  should be p r e - t e s t  p r e d i c t e d  

by approp r ia te  thermal-hydraul i c  computer codes and t h e ' t e s t  should be 

performed o n l y  incjofar as t h e  des ign l i f e t i m e s  o f  ' va r ious  heat  t r a n s p o r t  

system and core components a re  n o t  'adverse ly  impacted by t h e  associated 

thermal t r a n s i e n t  

(5) The proposed n a t u r a l  c i r c u l a t i o n  v e r i f i c a t i o n  t e s t  program s p e c i f i e s  t h a t  

c e r t a i n  t e s t s  be performed o n l y  a f t e r  successful complet ion o f  o the r  t e s t s  
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i n  the  program. However, the  c r i t e r i a  proposed t o  determine what c o n s t i t u t e s  

a "successfu l  t e s t ' '  do no t  appear t o  be c l o s e l y  r e l a t e d  e i t h e r  t o  the  

de terminat ion  o f  adequate na tu ra l  c i r c u l a t i o n  o r  t o  the  requirements f o r  

thermal -hydrau l i c  computer code v e r i f i c a t i o n .  Accord ing ly ,  we recommend 

t h a t  the  P r o j e c t  c l a r i f y  performance c r i t e r i a  by which i t  may be judged 

whether a p a r t i c u l a r  t e s t  has adequately demonstrated the  p r e d i c t e d  na tu ra l  

c i r c u l a t i o n  performance and whether the  system behavior t o  t h i s  p o i n t  i s  

s u f f i c i e n t l y  understood t h a t  the  t e s t  program can proceed. Special emphasis 

should be p laced on c r i t e r i a  for model acceptance. 

(6) Test T-51-3A018 Sequences A and 6 and Test T-51-4A009 Sequences B and C 

appear t o  be concerned predominately w i t h  s teady-state system behavior  

f o l l o w i n g  a t r a n s i e n t  response t o  a thermal p e r t u r b a t i o n .  Very l i t t l e  
a t t e n t i o n  appears t o  be focused on the  t r a n s i e n t  response i t s e l f ,  i n  p a r t i c u l a r  

the  reg ions o f  f l o w  t r a n s i t i o n .  

be inc luded i n  the  computer code p r e - t e s t  p r e d i c t i o n s ,  t h a t  performance 

c r i t e r i a  be s p e c i f i e d  and j u s t i f i e d  f o r  var ious system components and 

reg ions (e.g., in te rmed ia te  heat exchanger, dump heat exchanger, core 
reg ion,  e t c . )  t o  determine "successfu l "  t r a n s i e n t  behavior  as w e l l  as 

s teady-state behavior ,  and t h a t  the  t r a n s i e n t  response be compared f o r  
a c c e p t a b i l i t y  w i t h  these c r i t e r i a  on b o t h  a component and a system bas is .  

It i s  our o p i n i o n  t h a t  the  i n c l u s i o n  o f  such i n f o r m a t i o n  i n  the  t e s t  program 

w i l l  improve the  understanding o f  system behavior and computer model p r e d i c t i v e  

a b i l i t y .  

mod i f ied  t o  i n c l u d e  p r e d i c t i o n s  and measurements o f  the  t r a n s i e n t  r e l a t e d  

phenomena f o r  a l i m i t e d  number o f  t r a n s i t i o n s  i n  the  secondary loop. 

w i l l  rev iew these t e s t  s p e c i f i c a t i o n s  as they are  submitted. 

We recommend t h a t  t h i s  t r a n s i e n t  behavior  

The P r o j e c t  has i n d i c a t e d  t h a t  the  t e s t  s p e c i f i c a t i o n s  are being 

We 

(7) Test T-51-5A008 inc ludes  a system na tu ra l  c i r c u l a t i o n  t r a n s i e n t  f o l l o w i n g  

Th is  t r a n s i e n t  i s  t o  be fo l lowed by s i m i l a r  t r a n s i e n t s  a f t e r  

r e a c t o r  scram from s teady-s ta te  power opera t ion  a t  5 percent  o f  i n i t i a l  

core  power. 

scrams from power o p e r a t i o n  a t  75 percent  and 100 percent  i n i t i a l  core 

power. 

f o l l o w i n g  a scram from a s teady-state power l e v e l  o f  approx imate ly  25 

percent  o f  i n i t i a l  core power and 75 percent  f low. 

should be performed p r i o r  t o  t h e  75 percent  power l e v e l  t e s t .  

t h e  proposed 5 percent  power l e v e l  t e s t  may be performed a t  a somewhat 

h igher  power l e v e l .  

and 75 percent  power l e v e l s  i s  t o o  la rge ,  g iven  t h e  r e l a t i v e l y  l i m i t e d  

experience o f  i n d u s t r y  w i t h  such system t r a n s i e n t s ,  t o  per form t h e  t e s t s  as 

proposed. 

We recommend t h a t  an a d d i t i o n a l  t r a n s i e n t  sequence be performed 

Th is  a d d i t i o n a l  sequence 

A l t e r n a t i v e l y ,  

It i s  our o p i n i o n  t h a t  t h e  gap between the  5 percent  
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. . .  

It i s  our o p i n i o n  t h a t  the  proposed na tu ra l  c i r c u l a t i o n  v e r i f i c a t i o n  t e s t  

program, w i t h  the  i n d i c a t e d  recommendations, has reasonable assurance o f  

determin ing t h e  adequacy o f  t h e  a s - b u i l t  FFTF t o  respond t o  thermal g rad ien ts  i n  

the  pr imary and secondary heat t r a n s p o r t  loops i n  such a manner t h a t  na tu ra l  

c i r c u l a t i o n  can be r e l i e d  upon f o r  decay heat  removal i n  t h e  event of  the  l o s s  

o f  a l l  pump mot ive power. We w i l l  rev iew a l l  m o d i f i c a t i o n s  t o  the  v e r i f i c a t i o n  

program as they  become a v a i l a b l e  and w i l l  comment on them as necessary i n  

supplements t o  t h i s  repo r t .  
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15.0 ACCIDENT ANALYSIS 

General 

We have reviewed the capability of the FFTF to withstand normal and abnormal 
transients including postulated accidents of a severe nature such as major sodium 
spills and gross power/‘flow mismatches with first or second level protective system 
action. We find that 10 CFR Part 100 criteria are met under all circumstances except 
possibly for a most severe challenge to containment resulting from the very low 
likelihood of vessel melt-through in the event of a core meltdown accident. 

We conclude that the intent of General Design Criteria 10, 11, 12, 13, 14 and 15 of 
10 CFR Part 50 have been satisfied in their application to the FFTF. 

The Project’s transient safety analysis has been reviewed considering the first and 
second level trip functions of the plant protection system including the inherent 
time delays between the trip functions. 
occurs at 115 percent power and the second at 125 percent power. 
protection system function is the 0.7 percent strain criteria used for the design of 
fuel cladding exceeded. The 0.7 percent strain criteria corresponds to an emergency 
event using the ASME classification of transients. The FFTF has followed accepted 
codes and practices for the reactor and heat transport system design. The plant 
protection system trip functions and trip levels are shown in Table 15.1.1-10 of the 
FFTF Final Safety Analysis Report.’ 
and heat transport system are given in Tables 5A.1-3 and 58.1-1, respectively. 
conclude that the events described envelop all the anticipated modes of operation of 
the facility through the range o f  operating, norma1,’upset and emergency events. The 
core disruptive accident is evaluated as a faulted event for evaluating the structural 
response o f  the reactor coolant system boundary. 

In addition we and the Project have evaluated the containment margins for core melt 
events assuming’loss of in-vessel cooling foilzwing a core disruptive accident. 
radiological consequences of this event have also been analyzed. We have concluded 
that the risks associated with a low probability reactor vessel melt-through are 

For an overpower transient, the first trip 
For neither plant 

The design thermal transients for the reactor 
We 

The 

ntai ned. acceptably low assuming that a reasonable deg;ee’hf containment ’integrity is ma 

The criterion adopted to assure that’ the‘ reactor coolant system boundary is not 
challenged is in principle as follows: 

- .  
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( 1 )  

( 2 )  

Engineer and construct  a highly r e l i ab le  vessel and coolant system. 

Maintain this system's i n t e g r i t y  and r e l i a b i l i t y  throughout i t s  l i f e  

(3 )  Prevent fuel clad f a i l u r e  and loss  o f  coolable core geometry. 

(4) Prevent boi l ing i n  the core by assuring adequate cooling, including natural  
convection. 

(5) Construct the  system such tha t  any coolant loss  will be minimized i n  the event 
of system leak,  and t h a t  natural convection will be f a c i l i t a t e d  by the geometric 
placement of components. 

(6 )  
' 

Provide a dependable control and shutdown system t o  assure tha t  design power 
and temperature l imi t s  a r e  not exceeded. 

( 7 )  Protect  the heat t ranspor t  system and reac tor  from the  hazard of phenomenolog- 
i%cal events and f i r e  by placing components in s t ee l - l i ned  iner ted  c e l l s .  

,The FFTF Project  addressed piping i n t e g r i t y  i n  Appendix B of the Final Safety 
Analysis Report and does not consider an instantaneous double-ended rupture  of a 
portion of the  heat t ranspor t  system a c red ib le  event. 
agreed t h a t  a cold leg primary system rupture  i s  unlikely t o  be a core d is rupt ive  
accident i n i t i a t o r  bu t ,has  not excluded the poss ib i l i t y  of other  smaller leaks and 
addresses t h i s  in Appendix E of t h i s  repor t .  
f a i l u r e  i n  the  FFTF, o ther  t h a n  i n  the  cold leg i n l e t  downcomer, do not have the  
pbtent ia l  t o  i n i t i a t e  a core d is rupt ive  accident b u t  they can lead t o  sodium b u r n i n g  
and c e l l  pressurizat ion.  
Section 6.2.1 of t h i s  repor t .  
assessed i n  Section 15.3. of t h i s  report .  

The s t a f f  has condi t ional ly  

Leaks including double-ended pipe 

The consequences of these events a r e  discussed i n  
The consequences of loss  of decay heat removal a r e  

15.1.1 React ivi ty  Inser t ion Events 

The Project  has analyzed a spectrum of r eac t iv i ty  inser t ion  events of d i f f e r e n t  
sever i ty  and probabi l i ty  c l a s s i f i ca t ions  i n  order t o  demonstrate the  adequacy of 
the, primary and secondary scram systems t o  prevent or l i m i t  pin f a i l u r e  i n  the FFTF 
reactor . .  The p a r t i c u l a r  events a re  l i s t e d  below together w i t h  t h e i r  c l a s s i f i c a t i o n  
and corresponding cladding s t r a i n  l imi t s  ( see  Table 15.1-1 and 15.1.1-9 of Ref. 1 
f o r  d e f i n i t i o n  of- event c l a s s i f i c a t i o n  and corresponding clad l i m i t s ) :  

(1) Continuous C / R  withdrawal a t  low power (unl ikely event with 0.7% s t r a i n  l i m i t ) .  

(2) Continuous C/R withdrawal a t  power (unl ike ly  event with 0.7% s t r a i n  l i m i t ) .  
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(3)  Single C/R assembly meltdown (up to extremely unlikely. event with "Preserve 
Coolable Reactor Core Geometry" limit). 

(4) Loss of Hydraulic Balance to fuel assemblies (up to extremely unlikely event 
with "Preserve Coolable Reactor Core Geometry" 1 imi t). 

(5) Radial Displacement of Core Assemblies (unlikely event with 0.7% strain limit). 

(6) Fuel Assembly Sodium Voiding (up to extremely unlikely event with "Preserve 
Coolable Reactor Core Geometry" limit). 

(7) Single Fuel Assembly Meltdown (extremely unlikely event with "Preserve Cool- 
able Reactor Core Geometry" limit). 

(S)  Closed Loop Test Section Meltdown (extremely unlikely event with "Preserve 
Coolabl e Reactor Core Geometry" 1 imi t). 

(9) Cold-Sodium Insertion (extremely unlikely event with "Preserve Coolable Reactor 
Core Geometry" 1 imit). 

.For all the above events, the Project claims that the actual consequences, in terms 
of cladding strain, are much less than the limits for the various event classifica- 
tions. In fact, it is claimed that there will be no additional cladding strain i n  
the'hot pin for any of the above events with the exception of the "Single C/R 
Assembly Meltdown" (max < 0.32% strain) and the "Loss of Hydraulic Balance to Fuel 
Assemblies" (max < 0.5% strain). 

The most severe test o f  the FFTF plant protection system for reactivity insertion 
events is, in the Project's view, a "hypothetical" 3$/sec transient, which scopes 
all of the above mechanistic scenarios. Therefore the Project performs a detailed 
analysis of this terminated transient overpower event with a comparison to both 
terminated,and unterminated transient overpower TREAT tests. 
case, no pin fail-ure i!j predicted. 

All the transient overpower events (including the 3 W s e c  event) were analyzed using 
the MELT-I11 computer code. 
fuel differential thermal expansion and fission gas pressure were,computed based on 
the results of the MELT-I11 calculations. 
obtained for the event$# considered. 

For this extreme 

Transient cladding stresses and strains due to cladding/ 

Thus a calculated strain history was 

. 
The Project verified.the analytic model by comparing predicted-fuel pin failure 
times with those observed in unterminated transient overpower TREAT tests. The 
model consistently predicted fuel pin failure times (for these TREAT tests) that 
are earlier than observed. 
which the plant protection system must operate is earlier than the actual time and 

Thus the Project concludes that the predicted time by 
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t h a t  t h e r e f o r e  t h e  model i s  conservat ive.  

s t r a i n  and f a i l u r e  t ime  and t o  thereby judge t h e  adequacy o f  t h e  p l a n t  p r o t e c t i o n  

system i s  p a r t  o f  t he  "design procedure" descr ibed i n  Ref. 2 which i s  evaluated i n  

Sect ion 4.2 o f  t h i s  r e p o r t .  

t h i s  design procedure, as i n d i c a t e d  i n  Sect ion 4.2, a re  app l i cab le  here a lso) .  

t h e  p l a n t  p r o t e c t i o n  system responds adequately, then, ( i n  terms o f  accumulated 

c ladd ing  s t r a i n )  t o  a c a l c u l a t e d  t r a n s i e n t  analyzed by t h i s  method, i t  i s  t h e  

P r o j e c t ' s  p o s i t i o n  t h a t  t h e  ac tua l  p l a n t  p r o t e c t i o n  system w i l l  be e f f e c t i v e  (more 

e f f e c t i v e  than ca l cu la ted )  i n  keeping t h e  c ladd ing  w i t h i n  t h e  design s t r a i n  l i m i t s .  

Th i s  approach t o  c a l c u l a t i n g  c ladd ing  

(The q u a l i f i c a t i o n s  i n d i c a t e d  i n  the  eva lua t i on  o f  

If 

It i s  impor tant  t o  determine t h e  t o t a l  t ime requ i red  t o  i n s e r t  t h e  rods and t h e  

r e a c t i v i t y  worth o f  t he  rods. These values a r e  summarized i n  Table 15.1.2-3 o f  

Ref. 1. 

rods i s  s tuck,  r e s u l t i n g  i n  pr imary system wor th ( f o r  two rods) o f  3.2% Ak/k. 

Also, system drag loads are assumed t h a t  a re  i n  excess o f  those ca l cu la ted ,  by 

adding t h e  worst-case to lerances and us ing  t h e  worst-case f r i c t i o n  c o e f f i c i e n t .  

was a l so  assumed t h a t  t h e  secondary shutdown system rods were i n  t h e  beginning-of -cyc le  
p o s i t i o n  when scram occurred. 
secondary system. 

p i n  performance i s  r e l a t i v e l y  i n s e n s i t i v e  t o  t h e  a v a i l a b l e  wor th o f  t he  scram 

system w i t h  one s tuck  r o d  d u r i n g  a l l  a n t i c i p a t e d  o r  u n l i k e l y  r e a c t i v i t y  t r a n s i e n t s .  

However, accord ing t o  t h e  P r o j e c t  eva lua t i on ,  f o r  c e r t a i n  extremely u n l i k e l y  events, 

t he  f u e l  p i n  i n t e g r i t y  l i m i t  was exceeded f o r  some b e g i n n i n g - o f - l i f e  cond i t i ons .  

A l l  P r o j e c t  analyses assume t h a t  t he  most r e a c t i v e  o f  t h e  th ree  p r imary  

It 

A s tuck  r o d  was n o t  assumed i n  t h e  case o f  t h e  
A P r o j e c t  eva lua t i on  was c a r r i e d  ou t  which showed t h a t  t h e  f u e l  

The concerns rega rd ing  t h e  design procedure, g i ven  i n  Sect ion 4.2, are n o t  repeated 

here. 

p r o t e c t i o n  system i s  adequate t o  p r o t e c t  t he  f u e l  p i n s  from f a i l u r e  and t o  keep 

them w i t h i n  t h e  design s t r a i n  l i m i t s .  

It i s  our op in ion ,  a f t e r  t a k i n g  account of these concerns, t h a t  t h e  p l a n t  

15.1.2 Heat Removal Reduction Events 

The P r o j e c t  has analyzed t r a n s i e n t s  t h a t  a re  i n i t i a t e d  by heat  removal r e d u c t i o n  

events i n  t h e  heat  t r a n s p o r t  system. These events have been c l a s s i f i e d  i n t o  t h e  

f o l l o w i n g  two categor ies:  

(1) Reductions i n  pr imary f low,  which cause an immediate r i s e  i n  core temperature 

because o f  a r e d u c t i o n  i n  heat  removal from the  core, and 

(2) Reductions i n  secondary sodium f l o w  o r  dump heat  exchanger a i r  f low,  which 

cause a r e d u c t i o n  i n  heat  removal a t  t h e  i n te rmed ia te  heat  exchanger o r  dump 

heat  exchanger, respectivel.y, and a f f e c t  t h e  core o n l y  through a delayed i n -  

crease i n  t h e  core '  i n l e t  temperature. 

The most severe of t h e  heat  removal reduc t i on  events which may be caused by severe 

' n a t u r a l  phenomena (earthquakes and tornados) have been discussed p r e v i o u s l y  i n  

Sect ion 5.5 o f  t h i s  r e p o r t .  
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. . .  .. 

The P r o j e c t  has c l a s s i f i e d  each heat  removal r e d u c t i o n  event accord ing t o  t h e  

expected frequency o f  Occurrence of t h e  event i t s e l f  o r  o f  o the r  events o f  h ighe r  

p r o b a b i l i t y  whose conscquences are enveloped by t h e  event. 

l i m i t s  p r e v i o u s l y  discussed i n  Sect ion 4.2 o f  t h i s  r e p o r t  were used by the  P r o j e c t  

as c r i t e r i a  t o  determine whether t h e  f u e l  performance l i m i t s  a re  met i n  the  course 

o f  t h e  heat  removal re i j uc t i on  t r a n s i e n t s .  I n  t h e  t r a n s i e n t  ana lys i s ,  t he  P r o j e c t  

r e q u i r e d  t h a t  one p l a n t  p r o t e c t i o n  system ( e i t h e r  - p r imary  o r  secondary f u n c t i o n )  

meet the  l i m i t s  app l i cab le  t o  the  event c l a s s i f i c a t i o n .  A second backup f u n c t i o n ,  

i n  the  o the r  p l a n t  p r o t e c t i o n  system shutdown system, was requ i red  t o  meet the  

c ladd ing  temperature l i m i t s  app l i cab le  t o  the  nex t  event  c l a s s i f i c a t i o n  which i s  

l ess  probable. 

The c ladd ing  temperature 

The analyses o f  t he  thermal-hydraul ic  behavior o f  t he  FFTF were performed by t h e  

P r o j e c t  us ing  the  IANUS3 d i g i t a l  computer code, which describes the  thermal- 

h y d r a u l i c  behavior  o f  (3 loop- type l i q u i d  metal-cooled r e a c t o r  p l a n t .  I n  these 

analyses, t h e  f o l l o w i n g  t r a n s i e n t s  were evaluated. 

Loss o f  o f f s i t e  e l e c t r i c a l  power 

Loss o f  a l l  o f f s i t e  and emergency AC power 

Loss o f  e l e c t r i c a l  power t o  one pr imary system coo lan t  pump 

Continuous f l o w  reduc t i on  by f a i l u r e  o f  c o n t r o l  equipment 

Mechanical f a i l u r e  o f  one pr imary system coo lan t  pump 

Loss o f  e l e c t r i c a l  power t o  one secondary system coo lan t  pump 

Mechanical f a i l u r e  o f  one secondary system coo lan t  pump 

Loss o f  a i r  f l o w  t o  dump heat exchanger modules 

Freez ing o f  sodium i n  secondary system coo lan t  loop. 

I n  the  eva lua t i on  o f  c' ladding temperatures o n l y  the  maximum c ladd ing  temperature 

was considered. Both - i n i t i a l  and r a t e d  cond i t i ons  were analyzed by t h e  P r o j e c t  f o r  
each event. The more :,evere r e s u l t s  f o r  each event were repo r ted  i n  Ref. 1. In a l l  

cases except one, t h e '  r a t e d  cond i t i ons  generated t h e  more severe t r a n s i e n t s  because 

the s teady-state c ladd ing  temperatures were nearer the  c ladd ing  temperature l i m i t s .  

The s o l e  except ion was t h e  case oq,sodi.um f r e e z i n g  i n  a secondary coo lan t  system 

loop i n  which the  i n i t i a l  k o n d i t i o n s  gave more severe ' r e s u l t s  due t o  t h e  sma l le r  

margin t o  f reez ing .  

400 MW opera t i on  and t r ro - l oop~267  MW dj jera i ion '  a s " w e l l - a s  f o r  o t h e r  i n te rmed ia te  

power l e v e l s .  

shown i n  Table 15.1-1 a l though t h e  s t a f f ' s  scope o f  rev iew was l i m i t e d  t o  three- loop 

opera t i on  only .  

Each heat  removal r e d u c t i o n  event  was analyzed f o r  t h ree - loop  

The r e s u l t s  f o r  three- loop 400 Mw and two-loop 267 MW opera t i on  a re  

Table 15.1-1 summarizes the  p r e d i c t e d  maximum h o t  channel c ladd ing  temperatures f o r  

each event. For a l l  o t  t h e  events analyzed, i t  was p r e d i c t e d  t h a t  t h e  a c t i o n  o f  

t he  p l a n t  p r o t e c t i o n  system would h o l d  t h e  h o t  channel c ladd ing  s t r a i n  below t h e  
0.7% s t r a i n  l i m i t  f o r  u n l i k e l y  events (as de f i ned  i n  Sect ion 4.2 o f  t h i s  r e p o r t )  

and t h e  0.3% s t ' r a in  l i n t i t  f o r  a n t i c i p a t e d  events. I n  t h e  case o f  those t r a n s i e n t s  
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TABLE 15.1-1 

MAXIMUM HOT CHANNEL CLADDING  TEMPERATURE^ FOR EACH FLOW REDUCTION INCIDENT 

MAXIMUM HOT CHANNEL CLADDING  TEMPERATURE^ ( O F )  

INCIDENT AND REACTOR SHUTDOWN SYSTEM 
400 MW, 3 LOOP OPERATION 267 MW, 2 LOOP OPERATION 

NOMINAL WORST CASE NOMINAL WORST CASE 

Loss o f  O f f s i t e  Elec- 
t r i c a l  Power 

Loss o f  A l l  O f f s i t e  and 
D iese l  E l e c t r i c  Power 

Loss o f  E l e c t r i c a l  Power 
t o  One Primary Pump 

Continuous Sodium Flow 
Reduction 

Mechanical F a i l u r e  o f  
One Primary Pump 

Loss o f  E l e c t r i c a l  PoweE 
t o  One Secondary Pump 

Mechanical Fa i luEe o f  One 
Secondary Pump 

Loss o f  A i r  Flow i n  DHX 
Modules 

Sodium Freezing 

DATA AND DATA AND 
FIRST PPS TRIP  BACKUP PPS TRIP  

1442 
Secondary 

1442 
Secondary 

1477 
Secondary 

1588 
Secondary 

1479 
Primary 

1408 
Secondary 

1408 
Secondary 

1408 
Secondary 

1408 
Secondary 

1594d 
Primary 

1 594d 
Primary 

1494 
Primary 

1 622d 
(1605 Midwal l )  

Primary 

1576 
Secondary 

1408 
Primary 

1408 
Primary 

1408 
Primary 

1408 
Primary 

DATA AND 
FIRST PPS TRIP  

1406 
Secondary 

1 406b 
Secondary 

1394 
Secondary 

1538 
Primary 

1474 
P r  i mary 

1385 
Secondary 

1385 
Secondary 

1385 
Secondary 

1385 
Secondary 

DATA AND 
BACKUP PPS T R I P  

1513 
Primary 

1513 
Primary 

1475 
Primary 

1632 
(1634 Midwal l )  

Secondary 

1641 
(1634 Midwal l )  

Secondary 

1385 
P r  i mary 

1385 
Primary 

1385 
Primary 

1385 
Primary 

a Temperatures 'are c a l c u l a t e d  a t  t h e  top  of  the  a c t i v e  core a t  the  c ladd ing  i n n e r  sur face.  
For expected values o f  f i s s i o n  produc t  decay heat, r e a c t o r  pressure drop, and pump locked 
r o t o r  pressure drop. 
Maximum temperatures occur a t  s teady-state cond i t ions .  
Maximum temperature f o r  t h i s  case occurs a t  N80% power and 80% f low. 
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i n v o l v i n g  r e d u c t i o n  i n  a i r  f l o w  through a dump heat exchanger module o r  i n  secondary 

system sodium f l o w ,  the  p r e d i c t e d  core temperatures d i d  no t  r i s e  above t h e i r  steady- 

s t a t e  values due t o  t h e  system t r a n s p o r t  t ime delays and the  r a p i d  response o f  the  

p l a n t  p r o t e c t i o n  system. 

system sodium f low, i t  was p r e d i c t e d  t h a t  the  f i r s t  p l a n t  p r o t e c t i o n  system t r i p  

would l i m i t  the  ho t  channel temperature so t h a t  a margin e x i s t e d  between t h e  

p r e d i c t e d  maximum temperatures and 158OoF f o r  a n t i c i p a t e d  events and 160OOF f o r  a l l  

o t h e r  events. 

F o r  the  t r a n s i e n t s  i n v o l v i n g  a r e d u c t i o n  i n  pr imary 

As can be seen from t h e  tab le ,  i f  the  a c t i o n  o f  the  f i r s t  shutdown system i s  

neglected i n  t h e  analyses, i t  i s  p r e d i c t e d  t h a t  the  second shutdown system would 

a c t  so as t o  h o l d  the  maximum temperatures below.1600°F, except f o r  the  cases o f  

continuous f l o w  r e d u c t i o n  and mechanical f a i l u r e  o f  one pr imary system coo lan t  

pump. I n  the  case o f  a p o s t u l a t e d  instantaneous stoppage o f  t h e  s h a f t  o f  one 
pr imary system coo lan t  pump w h i l e  on two-loop 267 Mw opera t ion ,  the  p r e d i c t e d  

maximum midwal l  c ladd ing  temperature would be above 160OoF i f  t h e  f i r s t  p l a n t  

p r o t e c t i o n  system t r i p  was assumed inopera t ive .  

invo lved,  the  p r e d i c t e d  cumulative c ladd ing  s t r a i n  would be w i t h i n  acceptable 

l i m i t s .  The case o f  continuous f l o w  r e d u c t i o n  i s  s i m i l a r .  

Because o f  the  s h o r t  t ime 

.For t h e  cases analyzed which l e d  t o  t h e  loss o f  a l l  o f f s i t e  and emergency AC power, 

r e s u l t i n g  i n  c o o l i n g  by na tu ra l  c i r c u l a t i o n  alone, a second peak i n  core temperature 

was p r e d i c t e d  approximately two minutes a f t e r  scram. 

t h i s  peak was found t o  be i n s e n s i t i v e  t o  which shutdown system t r i p p e d  the  reac to r ,  

i t  was found t o  be q u i t e  s e n s i t i v e  t o  the  number o f  opera t ing  loops, i n i t i a l  power 

l e v e l ,  f i s s i o n  product  decay heat generat ion ra te ,  and r e a c t o r  and pump pressure 

drops a t  low f lows. 

Although the  magnitude o f  

Assuming upper bound values of  decay heat  generat ion and pressure drops, t h e  P r o j e c t  
repor ted  i n  Sect ion  15 .1 .3 .11  o f  t h e  F i n a l  Safety  Analys is  Report t h a t  the  maximum 

ho t  channel c ladd ing  temperature f o r  the  worst  case d u r i n g  n a t u r a l  c i r c u l a t i o n  

cond i t ions  would be 1451OF. 

t u r e s  were pred ic ted .  The r e s u l t s  o f  t h e  ana lys is  i n d i c a t e d  t h a t , . f o r  expected o r  

upper bound values o f  i n p u t  parameters, no s i g n i f i c a n t  c ladd ing  s t r a i n  would occur 

dur ing  na tu ra l  c i  r c u l  at . i  on cond i t ions .  

For most cases, s u b s t a n t i a l l y  lower maximum tempera- 

We have reviewed the  r e s u l t s  o f  these analyses and f i n d  them,acceptable because the  

v i o l a t i o n  o f  t h e  f u e l  des ign l i m i t s  i s  n o t  p r e d i c t e d  i n  any o f  these t r a n s i e n t s .  

However, these analyses were performed w i t h  an u n v e r i f i e d  thermal -hydrau l i c  model 

( IANtS) .  We have p r e v i o u s l y  repor ted  our  e v a l u a t i o n  o f  JANUS. i n  S e c t i o n s  4.4 and 

14.2 o f  t h i s  repo r t .  

s a t i s f a c t o r y  v e r i f i c a t i o n  o f  t h e  thermal -hydrau l i c  m0de.l used i n  the  analyses. 

Thus, our acceptance o f  these r e s u l t s  $ i s  cond i t ioned upon 
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15.1.3 Local Fuel Failure Events 

Introduction 

A 

The analysis of local fuel failure events and the propensity for these failure 
events to lead to failure propagation is the subject of Section 15.1.9 and Appendix C 
of the Final Safety Analysis Report.’ In addition to analysis and experiments 
directed specifically at the FFTF as found in the Final Safety Analysis Report, 
there has been a large generic effort and Clinch River Breeder Reactor-related 
effort in the areas of local fuel element failure and failure propagation. Because 
of the many similarities between the FFTF and the Clinch River Breeder Reactor in 
terms of core design and operational characteristics, studies of fuel element 
failure propagation for the Clinch River Breeder Reactor are relevant and applicable 
in many respects to fuel element failure propagation in the FFTF. 
therefore that our basic conclusions regarding the FFTF are similar to those for 
the Clinch River Breeder’ Reactor, namely, that fuel element failure propagation is 
unqikely and that if it should occur.it would be locally confined and have benign 
consequences. 

It is not surprising 

It is important to point out the unique features of the active core for the FFTF 
relative to the Clinch River Breeder Reactor which may have a bearing on fuel 
element failure propagation. The major difference has been the presence of test 
loop subassemblies in the FFTF, in particular the two closed loop subassemblies in 
rows 2 and 6. 
of the closed-loop assemblies at the present time. 
operation these closed loops will not be in operation. 
open test assemblies will be inserted in these two positions open to the upper 
and lower plenums. The other significant differences are: 
for the FFTF and higher specific power (about 12 percent higher); (2) lower burnup 
limits and cycle times; and (3) small pin and subassembly dimension differences. 
Although the above differences do alter boundary and initial conditions in the 
analysis of fuel element failure propagation for the FFTF, the ultimate effects of 
the differences are minimal. 

The Project has requested, however, that we not consider the presence 
For the first year of FFTF 

Driver fuel assemblies or 

(1) the higher enrictiment 

Discussion 

For the initial (first year) operation of the FFTF, operation with failed fuel is 
not intended. 
adequate (see Section 9.2.4 o f  this report), the potential problems associated with 
operation with failed fuel or with slow-acting failure propagation are ,thus not 
germane to the present discussion. 
rapid fuel element failure propagation. 

Assuming that the pin failure detection capability for the FFTF is 

The emphasis here then is on the question of 

( t ‘  

The fuel element failure propagation accidents are usually divided into four initiator 
categories: (1) stochastic fuel pin failures due to, for example, manufacturing 
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defects ;  (2) i n c o r r e c t  l o a d i n g  o f  f u e l  enrichments r e s u l t i n g  i n  l o c a l  overpower v i a  

i n c o r r e c t  p e l l e t s  i n  p ins ,  i n c o r r e c t  p i n s  i n  subassemblies, o r  i n c o r r e c t  subassemblies 

i n  core loadings;  (3:) small  blockages forming i n  core subassembly coo lan t  channels; 

and (4) l a r g e  p lana r  blockages cove r ing  a major p o r t i o n  o f  t h e  subassembly c ross -sec t i ona l  

area. 

occurs t h e r e  i s  a p ropens i t y  f o r  these cond i t i ons  t o  l ead  t o  f u r t h e r  p i n  f a i l u r e s  

and/or more aggravated blockages. 

i n i t i a t o r s  cou ld  l ead  t o  subassembly-to-subassembly f a i l u r e  propagat ion and whole 

core involvement. 

The concern f o r  a l l  these i n i t i a t o r s  i s  whether when a p i n  f a i l s  o r  blockage 

The u l t i m a t e  concern i s  whether o r  n o t  these 

Extens ive a n a l y t i c a l  and experimental work has been performed, and i s  con t inu ing ,  

t o  v e r i f y  t h a t  cond i t i ons  which might  a r i s e  d u r i n g  p l a n t  operat ions a r e  u n l i k e l y  t o  

cause p i n - t o - p i n  f a i l u r e  propagation. Aspects t h a t  have been covered inc lude  t h e  

e f f e c t s  o f  dimensional changes, w i r e  wrap f a i l u r e ,  f i s s i o n  gas re lease  from p i n  

f a i l u r e s ,  mol ten f u e l  re lease  from p i n  f a i l u r e s ,  and o the r  s i m i l a r  cond i t i ons  which 

cou ld  l e a d  t o  l o c a l  f l o w  d is turbances o r  mechanical loadings. The r e s u l t s  o f  t h i s  

work thus f a r  i n d i c a t e  t h a t  t he re  should n o t  be a s i g n i f i c a n t  p o t e n t i a l  f o r  f a i l u r e  

propagat ion beyond a few f u e l  p i n s  a t  worst  under t h e  a n t i c i p a t e d  opera t i ng  cond i t i ons  

and l i m i t a t i o n s .  

e f f e c t s  o f  blockages w i t h i n  a p i n  bundle. The r e s u l t s  thus f a r  i n d i c a t e  t h a t  

s u b s t a n t i a l  b lo tkages a t  t h e  non-fuel i n l e t  o r  o u t l e t  reg ions do n o t  cause overheat ing,  

t h a t  i n e r t  p lana r  blockages cove r ing  a few coo lan t  subchannels i n  t h e  f u e l  r e g i o n  

do n o t  cause any s i g n i f i c a n t  overheat ing,  and t h a t  small heat-producing ( f u e l  

m a t e r i a l )  blockages d13 n o t  cause s i g n i f i c a n t  overheat ing o f  ad jacent  areas. 

i s  t h e r e f o r e  a s u b s t a n t i a l  bas i s  t o  a n t i c i p a t e  t h a t  l o c a l  f a u l t s  a f f e c t i n g  s i n g l e  

o r  a few p i n s  w i t h i n  (3 subassembly w i l l  n o t  r a p i d l y  propagate t o  ad jacent  p i n s .  

Experimental and a n a l y t i c a l  work has a l s o  been conducted on the  

There 

The design approach being u t i l i z e d  i n  t h e  coo lan t  i n l e t  r e g i o n  o f  t he  FFTF core 

should prevent  l a r g e  sudden f l o w  blockage, such as t h a t  which l e d  t o  extens ive 
damage t o  two subassemblies i n  the  Enr i co  Fermi  Reactor. 

Eva lua t i on  

From our  rev iew o f  t h e  FFTF design, we have concluded t h a t  f u e l  p i n  f a i l u r e s  which 

might  occur under va r ious  p l a n t  ope ra t i ng  cond i t i ons ,  i n c l u d i n g  design t r a n s i e n t s ,  

a re  u n l i k e l y  t o  c rea te  cond i t i ons  under which s i g n i f i c a n t  f u e l  f a i l u r e  propagat ion 

w i t h i n  a subassembly would occur. 

f a s t  breeder . reactors  supports t h i s  view. 

The general w o r l d  experience w i t h  l i q u i d  metal 

- -  
15.1.4 Closed Loop System Safety  Ana lys i s  

The rev iew o f  t he  c losed loop ,system ,safety  a n a l y s i s  has been postponed. 

P r o j e c t  requested ( l e t t e r  from A. J .  Rizzo t o  W. P. Gammill, dated June 13, 1978) 

t h a t  t h e  rev iew o f  t h e  c losed loop  system p l a n t  p r o t e c t i o n  system be postponed 

The 
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' because the  design a n a l y s i s  has no t  been completed. 

system t e s t i n g  i s  n o t  a n t i c i p a t e d  sooner than the  seventh i r r a d i a t i o n  cyc le .  

I n  a d d i t i o n ,  c losed loop 

Because the  p l a n t  p r o t e c t i o n  system impacts on the  performance o f  the  c losed loop 

i n - r e a c t o r  assembly under a n t i c i p a t e d  and t r a n s i e n t  cond i t ions ,  we have postponed 

the  rev iew o f  Sec t ion  15.1.7 o f  the  F i n a l  Safety  Analys is  Report. It w i l l  be 

t r e a t e d  i n  a supplement t o  t h i s  repo r t .  

15.2 Ex-Reactor Safety  Analys is  

15.2.1 General 

Sect ion 15.2 o f  t h e  F i n a l  Safety  Analys is  Report presented the  ana lys is  o f  var ious 

acc idents  o c c u r r i n g  ou ts ide  o f  the  r e a c t o r  vessel which were evaluated f o r  t h e i r  

impact on the  p u b l i c  h e a l t h  and sa fe ty .  

necessary t o  rev iew are events associated w i t h  spent f u e l  hand l ing  and storage, 

r a d i o a c t i v e  waste processing, and sodium f i r e s .  

presented i n  the  f o l l o w i n g  sect ions.  

The acc idents  which the  s t a f f  considered 

Our eva lua t ion  o f  these events i s  

15.2.2 Ex-Reactor Fuel Hand1 i n g  

The r e f u e l i n g  process f o r  t h e  FFTF commences approximately 24 hours a f t e r  r e a c t o r  

shutdown due t o  the  many mechanical operat ions r e q u i r e d  be fore  the  pressure boundary 

can be opened and f u e l  t r a n s f e r  can p h y s i c a l l y  be made. It was f u r t h e r  determined 

t h a t  the  e a r l i e s t  p r a c t i c a l  need t o  move assemblies from the  core t o  the  in-vessel  

s torage module l o c a t i o n s  would be about 24 hours. 

The maximum power o f  a d r i v e r  assembly d u r i n g  r e a c t o r  opera t ion  i s  7 MWt. 

would decay t o  30 KWt w i t h i n  24 hours a f t e r  r e a c t o r  shutdown. 

l i n g  machine may move immersed d r i v e r  assemblies a t  40 KWt. 

Th is  

The in -vesse l  hand- 

The c losed loop ex-vessel machine i s  used t o  remove a l l  core components and t e s t  

assemblies from the  r e a c t o r  and can s a f e l y  handle a 10 KWt d r i v e r  assembly conta ined 

i n  a s o d i u m - f i l l e d  core component po t .  

removed from t h e  in -vesse l  s torage module i n t o  t h e  c losed loop ex-vessel machine 

about e i g h t  days a f t e r  r e a c t o r  shutdown. 

Therefore,  a maximum d r i v e r  assembly can be 

The in te rmed ia te  decay s torage c e l l  can handle a d r i v e r  assembly t h a t  has decayed 

t o  10 KWt o r  l ess  which i s  conta ined i n  a s o d i u m - f i l l e d  core component po t .  

i n t e r i m  examination and maintenance c e l l  can handle t h r e e  bare f u e l  assemblies w i t h  

a maximum decay heat  o f  7 KWt  f o r  any element and 18 KWt  f o r  a l l  t h r e e  elements. 

The 

The bottom loaded t r a n s f e r  cask i s  designed t o  handle a d r i v e r  assembly t h a t  has 

decayed t o  1.4 W ;  o r  less.  

s torage module and subsequent removal by t h e  c losed loop ex-vessel machine f o r  

e i t h e r  s torage i n  in te rmed ia te  decay s torage o r  examination i n  the  i n t e r i m  examina- 

The s e l e c t i o n  o f  a f u e l  element l o c a t e d  i n  t h e  in -vesse l  
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t i o n  and maintenance c e l l  i s  a phys i ca l  process which i nvo l ves  an analog computer 

d r i v e  hand l i ng  c o n t r o l  scheme. 

a re  performed under a d m i n i s t r a t i v e  procedures. Therefore, i t  i s  p o s s i b l e  t h a t  a 

f u e l  element which had been opera t i ng  a t  7 M W t  cou ld  a c c i d e n t a l l y  be loaded i n t o  

t h e  c losed loop ex-vessel machine from t h e  in-vessel  s torage module s h o r t l y  a f t e r  

t h e  r e f u e l i n g  process commences. 

The c o n t r o l  sequencing and any o v e r r i d e  operat ions 

It i s  p o s t u l a t e d  t h a t  t h i s  "7 M W t  f u e l  element" i s  a c c i d e n t a l l y  loaded i n t o  the  

c losed  loop  ex-vessel machine w i t h  a c o i n c i d e n t  l o s s  o f  o f f s i t e  power and a f a i l u r e  

o f  i t s  backup b a t t e r y  pack power supply s h o r t l y  a f t e r  t h e  r e f u e l i n g  process com- 

mences, r e s u l t i n g  i n  a l oss  o f  coo l i ng .  

f u e l  p i n s  f a i l s  w i t h i n  a s h o r t  t ime  and t h e  gap a c t i v i t y  (10% o f  t h e  t o t a l  i n v e n t o r y  

f o r  t h e  halogens and noble gases) i s  re leased i n t o  the  containment w i th  no c r e d i t  

g i ven  f o r  holdup i n  t h e  c losed loop ex-vessel machine ( t h i s  i s  a conservat ive 

assumption s ince  t h e  halogens would more than  l i k e l y  combine w i t h  t h e  sodium and be 

r e t a i n e d  i n  t h e  core (component pot).  

a f i s s i o n  p roduc t  re lease  occurs and t o  l e a k  a t  t h e  r a t e  o f  0.1% p e r  day ( t h i s  l e a k  

r a t e  i s  conservat ive 'since i t  i s  the  l e a k  r a t e  f o r  t h e  designed peak pressure o f  

t h e  containment). Th i s  acc iden t  scenar io  i s  considered t o  r e s u l t  i n  a r a d i o l o g i c a l  

re lease  i n  excess o f  i ~ n y  o t h e r  p o s t u l a t e d  c r e d i b l e  f u e l  hand l i ng  acc ident .  The 

c a l c u l a t e d  0-2 hour t h y r o i d  and whole body doses were small  f r a c t i o n s  o f  10 CFR 

P a r t  100 dose gu ide l i nes .  

It i s  assumed t h a t  t h e  c ladd ing  on a l l  t h e  

The containment i s  assumed t o  i s o l a t e  be fo re  

Based on ou r  review, vie conclude t h a t  t i m e l y  i s o l a t i o n  o f  t h e  containment can be 

e f f e c t e d  t o  l i m i t  a r a d i o l o g i c a l  re lease  i n  a r e f u e l i n g  acc iden t  t o  acceptable 

l e v e l s .  Thus such an event  poses no hazard t o  t h e  h e a l t h  and s a f e t y  o f  t h e  p u b l i c .  

15.2.3 Ex-Reactor Fuel StoracF 

We have reviewed events assoc,jated w i t h  i n t e r i m  decay storage o f  spent fue l ,  including 

t h e  dropping o f  a spent fue l  subassembly and t h e  extended loss o f  fo rced  coo l i ng ,  

which have t h e  p o t e n t i a l  t o  l ead  t o  r a d i o a c t i v e  releases. We have assessed these 

events and determined t h a t  t h e i r  consequences a re  l e s s  l i m i t i n g  than  a re  t h e  conse- 

quences o f  events analyzed associated w i t h  the r e a c t o r  i t s e l f  o r  w i t h  t h e  ex-reactor  

f u e l  handling. Thus we have n o t  performed any f u r t h e r  r a d i o l o g i c a l  ana lys i s  f o r  

these events. 

15.2.4 Radioact ive Waste Processing 

We have reviewed t h e  FFTF r a d i o a  

t h a t  t h e  most l i m i t i n g  event  ass 

r a d i o a c t i v e  argon reprocess ing system. , 

The r a d i o a c t i v e  argon process ing system pressure boundary i s  designed t o  s a t i s f y  

Seismic Category I and American Soc ie ty  o f  Mechanical ,Engineers Sect ion I11 Class 1 
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, 

r 
c r i t e r i a  and i s  l oca ted  i n  a tornado-hardened area. 

l o c a t e d  i n  a s e r i e s  o f  g a s - t i g h t  c e l l s  and ' the  c e l l s  housing the  associated c o l d  

box and surge tank  a re  s t e e l  l i n e d .  

i s o l a t e d  from each o the r  and from t h e  remainder o f  t h e  system so t h a t  an event, 

p l u s  a s i n g l e  f a i l u r e ,  may re lease  o n l y  t h e  i n v e n t o r y  e x i s t i n g  i n  t h e  c o l d  box and 

t h e  surge tank. 

an extremely u n l i k e l y  event. 

The system components a re  

Both t h e  c o l d  box and t h e  surge tank a re  

Therefore, t h e  t o t a l  f a i l u r e  o f  t h e  surge tank  and t h e  c o l d  box i s  

Our c a l c u l a t i o n s  i n d i c a t e  t h a t  doses f o r  f a i l u r e  o f  t h e  surge tank and subsequent 

re lease of a c t i v i t y  i n  t h e  c o l d  box over a two-day p e r i o d  would be a small  f r a c t i o n  

o f  10 CFR P a r t  100 g u i d e l i n e  doses p r o v i d i n g  the  i n v e n t o r i e s  o f  t he  c o l d  box and 

t h e  surge tank are o f  t h e  same o rde r  o f  magnitude as those s p e c i f i e d  i n  Tables 15.2.14 

" and 15.2.15 o f  t h e  F i n a l  Safety  Analys is  Report. 

We recommend t h a t  app rop r ia te  t e c h n i c a l  s p e c i f i c a t i o n s  be p laced on t h e  maximum 

a c t i v i t y  t h a t  can be s to red  i n  any one tank  a t  any t ime  such t h a t  s i n g l e  f a i l u r e  o f  

an a c t i v e  component w i l l  n o t  r e s u l t  i n  r a d i o l o g i c a l  consequences t h a t  exceed small 

f r a c t i o n s  (FlO%) o f  t he  10 CFR P a r t  100 g u i d e l i n e  dose. 

15.2.5 Sodium F i r e s  

Sect ion 6.2.1 o f  t h i s  r e p o r t  discusses our  eva lua t i on  o f  t h e  e f f e c t s  o f  pr imary 

sodium f i r e s  i n s i d e  containment. 

b u i l d i n g  des ign pressure i s  adequate, t h e  r a d i o l o g i c a l  consequences o f  such events 

have n o t  been analyzed f u r t h e r .  

Based on ou r  conc lus ion  t h a t  t h e  containment 

Sect ion 6.2.2 o f  t h i s  r e p o r t  discusses our  eva lua t i on  o f  t h e  e f f e c t s  o f  a secondary 

sodium f i r e .  

c a l c u l a t i o n s  t o  be made. 

o f  t h e  c o n t r o l  room i s  a ma t te r  o f  s t a f f  concern. 

rega rd  a re  presented i n  Sect ion 6.4.3 o f  t h i s  r e p o r t .  

Since t h e  secondary sodium i s  non-radioact ive,  t h e r e  a re  no dose 

Our recommendations i n  t h i s  

However, t h e  e f f e c t  o f  such an event  on t h e  h a b i t a b i l i t y  

15.3 Ana lys i s  and Eva lua t i on  o f  Core Meltdown and 

Disassembly Accidents 

15.3.1 T rans ien t  Overpower Assessment 

I n t r o d u c t i o n  

I 

The t r a n s i e n t  overpower excurs ion analyses address unprotected power increase 

acc idents  and t h e  consequences o f  these acc idents  i n  terms o f  t h e  mechanical and 

thermal l oad ing  o f  t he  FFTF r e a c t o r  vessel. 

f l o w  acc iden t  analyses, these analyses a re  in tended t o  scope a l l  unprotected t r a n s i e n t s  

and t h e r e f o r e  serve as a bas i s  f o r  t h e  eva lua t i on  o f  t h e  containment. The P r o j e c t  

summarizes i t s  t r a n s i e n t  overpower acc iden t  a n a l y s i s  i n  Appendix A, Sect ion 4, 
1 (page A.4-15) o f  t h e  F i n a l  Sa fe ty  Analys is  Report: 

Together w i t h  t h e  complementary l oss -o f -  

63 
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" . . . . . t h e  energe t i cs  associated w i t h  b o t h  t h e  base and parametr ic  events 

considered a re  s u b s t a n t i a l l y  sma l le r  than t h e  comparable values f o r  which t h e  

containment system has been evaluated. Hence, a t r a n s i e n t  overpower acc iden t  

w i t h  f a i l u r e  to 'scram i n  the  FFTF i s  be l i eved  t o  pose no ser ious t h r e a t  t o  t h e  

pub1 i c  sa fe ty .  " 

This  conclus ion i s  cons i s ten t  w i t h  t h e  conclus ion drawn by t h e  P r o j e c t  i n  t h e  

r e c e n t l y  pub l i shed  update o f  t h e  unprotected t r a n s i e n t  overpower f o r  t he  FFTF. 2 

With t h i s  present  P r o j e c t  p o s i t i o n  i n  mind, i t  i s  i n s t r u c t i v e  t o  rev iew t h e  e v o l u t i o n  

o f  t he  t r a n s i e n t  overpower assessment over the  pas t  e i g h t  years. 

o r i g i n a l  P re l im ina ry  Safety  Analys is  Report a "conservat ive"  t r a n s i e n t  overpower 

acc ident*  was analyzed by the  P r o j e c t  which y i e l d e d  t h e  150 MJ work-energy value. 
4 Subsequently, i n  1972, a neM Hanford Engineering Development Laboratory  ana lys i s  

i n d i c a t e d  t h a t  t he  o r i g i n a l  P r o j e c t  ana lys i s  was o v e r l y  conserva t i ve  and t h a t  

f a i l u r e s  h igh  i n  the  core l ead ing  t o  f u e l  sweepout would dominate the  acc iden t  

progress ion thus l ead ing  t o  a benign event, t h a t  i s ,  a permanent neu t ron i c  shutdown 

w i t h  the  core ma in ta in ing  an i n -p lace  coo lab le  geometry. It i s  t h i s  bas i c  scenar io  

which has been t h e  most prominent i n  t h e  P r o j e c t ' s  ana lys i s  o f  t he  t r a n s i e n t  overpower 

f o r  t h e  FFTF s ince 1972. 

As p a r t  o f  t h e  
3 

We performed some parainetr ics on t h e  P re l im ina ry  Safety  Ana lys i s  Report t r a n s i e n t  

overpower analys7s and concluded t h a t  a more approp r ia te  conservat ive va lue o f  

work-energy r e s u l t i n g  from a t r a n s i e n t  overpower was 300-500 MJ as compared t o  t h e  

P r o j e c t ' s  150 MJ value.  

Eva lua t i on  Report w i t h  a t a b u l a r  summary i n  F igu re  12-1. 

The r e s u l t s  o f  t h i s  ana lys i s  a re  repo r ted  i n  our  Sa fe ty  
5 

I n  Supplement No. 1 t o  t h e  Safety  Eva lua t i on  Report,6 the  ma t te r  o f  work-energy 

y i e l d s  from t h e  t r a n s i e n t  overpower was reassessed by t h e  s t a f f .  
then t h a t  t h e  balance o f  i n f o r m a t i o n  developed s ince t h e  Safety  Eva lua t i on  Report 

appeared favorable,  i . e . ,  most evidence tended t o  reduce t h e  concerns rega rd ing  

t r a n s i e n t  overpower energet ics .  

It was determined 
5 

Thus, a l though a conservat ive t r a n s i e n t  overpower-accident was used i n  order  t o  

e s t a b l i s h  containment design margin; b o t h  t h e  P r o j e c t  and t h e  s t a f f  had concluded 

t h a t  an adequately conservat ive t r a n s i e n t  overpower f o r  t h e  FFTF would have a 

work-energy re lease  considerab' ly below t h e  150-350.MJ va lue used i n  determin ing 

containment design margin. 

o f  t he  t r a n s i e n t  overpower acc iden t  f o r  t h e  FFTF. 

The-paragraphs below summarize our  p resen t  assessment 

*This acc iden t  assumed a 500/sec r e a c t i v i t y  i n s e r t i o n  and midplane f a i l u r e  o f  f u e l  
p ins .  
i n  a l a r g e  energy dump i n t o  t h e  f u e l .  It was assumed t h a t  t h i s  thermal energy was 
t r a n s f e r r e d  t o  the  sodium v i a  an energe t i c  f u e l  coo lan t  i n t e r a c t i o n  (FCI ) .  
r e s u l t i n g  i s e n t r o p i c  expansion o f  t h e  sodium t o  1 atmosphere y i e l d e d  t h e  150 MJ o f  
work- ene r g y  . 

P o s i t i v e  r e a c t i v i t y  feedback from f u e l  mpt ion and sodium v o i d i n g  r e s u l t e d  

The 
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Trans ien t  Overpower Accident Sequence f o r  FFTF 

The base-case scenar io  and impor tan t  v a r i a t i o n s  on t h a t  scenar io  f o r  the  FFTF 

t r a n s i e n t  overpower acc ident  are q u i t e  s i m i l a r  t o  the  base-case scenar io  and v a r i a -  

t i o n s  analyzed f o r  t h e  C l i n c h  River  Breeder Reactor. For the  C l inch  River  Breeder 

Reactor t h e r e  was an extens ive independent a n a l y s i s  e f f o r t  conducted by us and our 

consul tants .  

C l i n c h  R iver  Breedetr Reactor Core D i s r u p t i v e  Accident  energetic^,"^ and i t s  accompanying 

references.  For s i m i l a r  i n i t i a l  cond i t ions  (e.g. ,  r e a c t i v i t y  i n s e r t i o n  ramp ra tes ,  

f u e l  p i n  f a i l u r e  l o c a t i o n  assumptions) the'FFTF t r a n s i e n t s  tend t o  be more benign, 

p r i n c i p a l l y  because o f  the  smal le r  r e g i o n  o f  p o s i t i v e  v o i d  wor th i n  the  FFTF (whole 

core v o i d i n g  i n  the  FFTF i s  negat ive w h i l e  f o r  the  C l i n c h  R iver  Breeder Reactor i t  

i s  p o s i t i v e ) .  

overpower behavior i n  the  FFTF. 

4 

These analyses are d e t a i l e d  i n  "An Analys is  and Eva lua t ion  o f  the  

Thus Ref. 7 serves as a general conservat ive guide f o r  t r a n s i e n t  

The bas ic  t r a n s i e n t  overpower scenar io  i s  as fo l lows:  i t  i s  assumed t h a t ,  as the  

power r i s e s  i n  the  r e a c t o r ,  the  coo lan t  f1o.w i s  mainta ined a t  s teady-state.  The 

increase i n  power causes t h e  f u e l  t o  heat  up p r o v i d i n g  negat ive Doppler feedback 
whiqh keeps the  n e t  r e a c t i v i t y  below the  ramp i n p u t  va lue and u s u a l l y  below prompt 

c r i t i c a l .  Dur ing t h i s  t ime the  sodium and c ladd ing  s t a r t s  heat ing  up. , P r e - f a i l u r e  

b o i l i n g  occurs f o r  low ramp r a t e s  i n  beginn ing o f  l i f e  cores. 

energy has been generated by the  t r a n s i e n t ,  c ladd ing  f a i l u r e  occurs and s o l i d  

and/or mol ten f u e l  may contac t  the  sodium. 

thermal l o a d i n g  ( c l a d  mel t )  o r  mechanical load ing  ( f i s s i o n  gas pressure load ing  

and/or f u e l - p e l l e t  c l a d  loading) ,  the  l a t t e r  be ing much more common. 

When s u f f i c i e n t  

Cladding can f a i l  by one o f  two mechanisms: 

A t  t h e  i n i t i a t i o n  o f  c l a d  f a i l u r e ,  the  modeling o f  the  f a i l u r e  dynamics invo lves  

f o u r  c r u c i a l  aspects: (1) the  degree o f  f a i l u r e  coherence, (2) the  a x i a l  l o c a t i o n  

o f  f a i l u r e ,  (3)  f u e l  motion a t  f a i l u r e  and (4) channel f u e l  and coo lan t  dynamics. 

Fuel mot ion i n  t h e  p ins ,  f u e l  mot ion i n  the  channel ( t h a t  i s ,  f u e l  be ing  swept o u t  

o f  the  a c t i v e  core, o r  fue l  p lugg ing  up channels by f r e e z i n g  on c o l d  s tee l  o r  by 

d e b r i s  p i l e  up), and coo lan t  v o i d i n g  by f u e l  coo lan t  i n t e r a c t i o n s  o r  f i s s i o n  gas 

re lease a l l  may in f luence t h e  subsequent e v o l u t i o n  o f  t h e  acc ident  scenar io  a long a 

broad spectrum o f  p o s s i b l e  paths. 

i n  which f u e l  mot ion w i t h i n  the  p i n  i s  toward the  core midplane and coo lan t  v o i d i n g  

i s  p r e f e r e n t i a l l y  a t  t h e  core center .  

disassembly o f  t h e  core. 

small  amount of f u e l  moves away from t h e  core center  (h igh  p i n  f a i l u r e s ) ,  fragments 

due t o  a l i m i t e d  f u e l  coo lan t  i n t e r a c t i o n ,  and i s  h y d r a u l i c a l l y  swept from t h e  

core. 

and negat ive  e f f e c t s ,  i n c l u d i n g  the  e f f e c t s  o f  fue l  f r e e z i n g  and p lugging.  

On t h e  one hand, the  most energet ic  pa th  i s  one 

Th is  w i l l  most probably  r e s u l t  i n  a mechanical 

On the  o t h e r  hand the  most benign pa th  i s  one i n  which a 

The cases i n  between these extremes i n v o l v e  a compet i t ion  between p o s i t i v e  
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Summary o f  P r o j e c t  Analys is  

A summary o f  t h e  P r o j e c t ' s  ana lys is  can be g iven w i t h  the  a i d  o f  F igure  A.4-6 o f  

the  F i n a l  Safety  Analys is  r e p o r t  reproduced here f o r  convenience (F igure  15.3-1). 
Th is  f i g u r e  i n d i c a t e s  the  MELT-I11 8 p r e d i c t i o n  o f  the  power and r e a c t i v i t y  h i s t o r y  

f o r  the  base case (50C/sec t r a n s i e n t  i n  the  BOC-4 core). The f o l l o w i n g  quote from 

pages A.4-4,5 exp la ins  the  f i g u r e .  

1 

"As noted from t h e  power and r e a c t i v i t y  balance p l o t s ,  the  c a l c u l a t i o n  was 

cont inued ou t  t o  20 sec fo r  t h e  p o s t u l a t e d  r e a c t i v i t y  i n s e r t i o n .  

f i r s t  2 t o  3 sec o f  the  t r a n s i e n t ,  the  temperatures began t o  r i s e  and r e s u l t i n g  

Doppler feedback maintained the  ne t  r e a c t i v i t y  a t  a l e v e l  o f  around 606 above 

delayed c r i t i c a l .  I n i t i a l  f a i l u r e  occurred i n  channel 3 a t  an a x i a l  p o s i t i o n  

14 inches above the  core midplane a t  about 2.7 se t ,  and the  motion o f  the  

mol ten f u e l  i s  noted t o  cause a negat ive r e a c t i v i t y  feedback and reduce the  

ne t  r e a c t i v i t y  o f  t h e  system. 

t h e r e a f t e r ,  r e s u l t i n g  i n  a f u r t h e r  reduc t ion  i n  the  n e t  r e a c t i v i t y  and a 

c o n t i n u i n g  r e d u c t i o n  i n  the  r e a c t o r  power leve'l. 

Dur ing  the  

F a i l u r e  i n  Channels 5 and 11 f o l l o w  s h o r t l y  

For t h e  t ime sca le  shown, e x p l i c i t  i d e n t i f i c a t i o n  o f  channel f a i l u r e  i s  d i f f i c u l t  

t o  s o r t  out, b u t  t.he o v e r a l l  e f f e c t  i s  t o  reduce the  ne t  r e a c t i v i t y  w e l l  below 

c r i t i c a l i t y  w i t h i n  a t ime scale o f  approximately 100 msec. 

r e a c t o r  i s  s u b c r i t i c a l  a t  2.75 sec i n t o  the  t r a n s i e n t ,  the  cont inued r e a c t i v i t y  

i n s e r t i o n  e v e n t u a l l y  b r i n g s  the  n e t  r e a c t i v i t y  back up and the  power l e v e l  

begins t o  c l imb. 

Although t h e  

A f t e r  the  r e a c t i v i t y  i n s e r t i o n  mechanism i s  terminated a t  8 seconds, w i t h  a 

t o t a l  r e a c t i v i t y  i n s e r t i o n  o f  4$, the  core begins t o  cool  down. 

process causes a p o s i t i v e  Doppler e f f e c t  t o  occur, b u t  t h e  new power/f low 

r a t i o  reached i s  l e s s  than the  s teady-state value. Hence i t  i s  c l e a r  t h a t  
l o n g  term c o o l i n g  c a p a b i l i t y  can be establ ished.  

D e t a i l s  o f  t h e  acc ident  sequence are conta ined in?HEDL-TME 75-50. 

i n s p e c t i o n  o f  the  c o n d i t i o n s  e x i s t i n g  i n  t h e  f a i s l e d  p i n s  revea ls  t h a t  the  

fue l - to-sodium r a t i o  w i t h i n  t h e  coo lan t  channels i s  q u i t e  low, i . e . ,  the  

propens i ty  f o r  h y d r a u l i c  f u e l  sweepout appe e n , f o r  t h e  base case 

c a l c u l a t i o n s  i n  which a very  l a r g e  amount o 

e x t e r n a l l y  i n s e r t e d ,  t h e  t o t a l  fue l .  loss ' f rom t h e  core  i s  only.approximate1y 

3% o f  the' o r i g i n a l  inventory .  

i n t a c t  core opera t ing  a t  a power/ f lod r a t i o  !elow i t s  i n i t i a l  va lue appears 
reasonably assured. " I -  

This  c o o l i n g  

A c lose  

Hence, 1ong' term:cool ing o f  an' e s s e n t i a l l y  
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I n  a d d i t i o n  t o  the  base case assuming a beginning o f  c y c l e  core, t h e  base case i s  

re run  i n  t h e  F i n a l  Safety  Analys is  Report' f o r  bo th  an end-of -cyc le  core and a 

b e g i n n i n g - o f - l i f e  core. The l a t t e r  WRS assessed t o  behave d i f f e r e n t l y .  I n  

p a r t i c u l a r ,  t he  beginning o f  l i f e  ana lys i s  concluded t h a t  sodium b o i l i n g  and 

c ladd ing  d ryou t  would p rov ide  the  pr in iary  c ladd ing  f a i l u r e  mechanisms. As a 

r e s u l t ,  t h e  p ropens i t y  f o r  f u e l  f r e e  

t h i s  tendency, t h e  P r o j e c t  concludes 

toge the r  w i t h  p r e d i c t e d  h igh  f a i l u r e  

Parametrics on bo th  i n p u t  cond i t i ons  

case. These inc luded  , va r ia t i ons  on 

i n g  and blockage i s  enhanced. I n  s p i t e  o f  

that, i nhe ren t  incoherencies i n  t h e  core 

l o c a t i o n s  assure long-term c o o l i n g  c a p a b i l i t y .  

and phenomenology were performed f o r  t h e  base 

r i i t i a l  power, i n l e t  temperature, ramp r a t e ,  

r e a c t i v i t y  bound, Doppler c o e f f i c i e n t .  sodium v o i d  c o e f f i c i e n t ,  f u e l  worth, f u e l  

cond i t i ons ,  f u e l  f a i l u i v ,  s o l i d  f u e l  motion and molten f u e l  motion. The conclus ion 

o f  t h i s  study i s  t h a t  t h e  general na tu re  o f  t he  acc ident  progress ion remains the  

same, thus i n d i c a t i n g  .in-place coo lab le  geometry f o r  a l l  cases. 

The update o f  t h e  above ana lys i sL  in t roduces some changes i n  t h e  expected acc iden t  

progess ion bu t ,  accord ing t o  the  P ro jec t ,  n o t  i n  t h e  bas i c  conclus ions rega rd ing  

t r a n s i e n t  overpower. 

(used i n  t h e  F i n a l  Safaty  Analys is  Report) r e f e r r e d  t o  as the  f a i l u r e  p o t e n t i a l  

c o r r e l a t i o n  y i e l d s  p r e d i c t i o n s  o f  p i n  f a i l u r e  approximately 500 msec l a t e r  than 

damage parameter p r e d i c t i o n s  f o r  a 50B/sec r e a c t i v i t y  ramp. 

considerably  more molten f u e l  t o  accumulate i n  the f u e l  p i n  and be e j e c t e d  ou t  i n t o  

the  coo lan t  stream a t  f a i l u r e ,  thereby i nc reas ing  t h e  p ropens i t y  f o r  f u e l  f r e e z i n g  

and p lugg ing  from an increased l o c a l  molten fue l / coo lan t  r a t i o .  Taking i n t o  account 

then  t h e  p o s s i b i l i t i e s  o f  f r e e z i n g  o f  f u e l  a t  t he  f a i l u r e  s i t e ,  t h e  P r o j e c t  proceeds 

t o  argue f o r  long-term c o o l a b i l i t y  based on arguments s i m i l a r  t o  those f o r  t he  

beginning o f  l i f e  case i n  t h e  F i n a l  Safety  Analys is  Report, '  namely, a x i a l l y  h igh  

f a i l u r e s  coupled w i t h  s t r o n g  intrasubassembly incoherence e f f e c t s .  

A m o d i f i c a t i o n  o f  t he  damage parameter f a i l u r e  c r i t e r i o n  

Th is  a l lows f o r  

S t a f f  Eva lua t i on  

As discussed i n  the  I n t r o d u c t i o n ,  we and our  t e c h n i c a l  ass is tance consul tants  ( i n  

t h i s  case consu l tan ts  from Brookhaven Na t iona l  .Laboratory, t h e  U n i v e r s i t y  o f  

C a l i f o r n i a  a t  Los Angeles, t h e  U n i v e r s i t y  o f  V i r g i n i a  and P a c i f i c  Northwest 

Laborator ies)  performed an extens ive rev iew o f  t h e  t T a n s i e n t  overpower acc iden t  - f o r  

t h e  C l i n c h  R ive r  Breeder. Reactor i n c l u d i n g  comprehensjve independent analyses. 

Because o f  t h e  si lni1ari t . ies7between the  CRBR and t h e  .FFTF, t h e  work performed 

e a r l i e r  f o r  t he  GRBR 

4 *-  * 

. ,  

7 prov ided some,of t he  bases on which t o  assess the  adequacy o f  

eva lua t i on  o f  t h e  t r a n s i e n t  overpower f o r  t h e  FFTF. 

t a rep resen ta t i ve  spectrum o f  t r a n s i e n t  overpower acc idents  r e s u l t s  

i n  "work-energy" consequences which ar'e considerably  l e s s  than the  350 MJ work- 

energy used t o  evaluate t h e  containment des ign margin. Th is  i s  cons i s ten t  w i t h  the  

P r o j e c t ' s  view. However, we b e l i e v e  t h a t  t he re  a re  s u f f i c i e n t  u n c e r t a i n t i e s  i n  t h e  

data, data i n t e r p r e t a t i o n  and modeling associated w i t h  the  t r a n s i e n t  overpower 

I t  i s  our 
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ana lys is  t o  prec lude any f i r m  conclus ion a t  t h i s  t i m e  regard ing  the  ques t ion  o f  

in -p lace  coolab le geometry f o l l o w i n g  a t r a n s i e n t  overpower. The d e s c r i p t i o n  o f  
these u n c e r t a i n t i e s  can be f a c i l i t a t e d  by d i v i d i n g  them i n t o  th ree  sub jec t  

categor ies:  (1) low ramp r a t e  t r a n s i e n t  overpower acc ident  ana lys is ;  (2) the  

f u e l - p i n  f a i l u r e  c r i t e r i o n  used by the  P r o j e c t ;  and (3)  the  t reatment  o f  f u e l  

f r e e z i n g  and p lugging.  

I n  Appendix A, Sect ion 2 o f  the  F i n a l  Safety  Analys is  Report there  i s  a 

d iscuss ion o f  the  t r a n s i e n t  overpower acc ident  i n i t i a t o r s .  

uncont ro l led  wi thdrawal  o f  the  maximum-worth c o n t r o l  rod  which produces a ramp 

r a t e  o f  about 3B/sec and t o t a l  wor th o f  5$. The base case f o r  the  t r a n s i e n t  

overpower acc ident  a n a l y s i s  was chosen t o  be a 5OC/sec ramp which i s  considered 

"conservat ive"  by the  P r o j e c t  because t h i s  r a t e  o f  a d d i t i o n  i s  about an order  

o f  magnitude grea ter  than cou ld  be m e c h a n i s t i c a l l y  env is ioned due t o  c o n t r o l  

rod  movement. 

cons is ten t  w i t h  p a s t  p r a c t i c e  and i s  s t i l l  considered a conservat ive approach 

by the  s t a f f .  

ra tes ,  o f  the  order  o f  lB/sec. 
may be s i g n i f i c a n t l y  d i f f e r e n t  than t h a t  f o r  5Ob/sec due t o  t h e  p o s s i b l e  

presence o f  such phenomena as sodium-boi l ing be fore  p i n  f a i l u r e ,  i n t r a p i n  f u e l  

motion be fore  p i n  f a i l u r e ,  f u e l  swe l l ing ,  and communication o f  t r a n s i e n t -  

re leased f i s s i o n  gas w i t h  the  f i ss ion-gas  plenum. 

phenomena coming i n t o  p l a y  there  are problems w i t h  the  a b i l i t y  o f  the  present-  

day f a m i l y  o f  codes (SAS,' MECT-III,* HOPE 

c a l c u l a t i o n s  over the  f u l l  r od  wor th ( f o r  example, f o r  FFTF, 5$ i m p l i e s  500 

sec). 

An example i s  the  

Choosing an u p p e r - l i m i t  ramp r a t e  as "conservat ive"  i s  

However, there  has been considerable i n t e r e s t  i n  low ramp 

The acc ident  progress ion f o r  low ramp r a t e s  

I n  a d d i t i o n  t o  d i f f e r e n t  

10 
) t o  c a r r y  o u t  low-ramp r a t e  

Although the  dynamics o f  a low ramp r a t e  acc ident  sequence may be q u i t e  

d i f f e r e n t  than those o f  a h igh  ramp r a t e  sequence, t h e r e  i s  p r e s e n t l y  no 

i n d i c a t i o n  t h a t  i t  w i l l  l e a d  t o  a mechanical disassembly; a t  worst  there  would 

be a g rea ter  tendency f o r  core meltdown which should be adequately scoped by 

the  l o s s - o f - f l o w  r e c r i t i c a l i t y  analyses. (See Sect ion 15.3.3) 

The major new i n g r e d i e n t  i n  t h e  t r a n s i e n t  overpower update2 by t h e  P r o j e c t  was 

the  replacement o f  t h e  "Damage Parameter" f u e l - p i n  f a i l u r e  c o r r e l a t i o n  which 

was used i n  the  P r o j e c t  a n a l y s i s  w i t h  t h e  " F a i l u r e  P o t e n t i a l "  f a i l u r e  c o r r e l a t i o n .  

The reason f o r  develop ing a new e m p i r i c a l  model was t h a t  t h e  damage parameter 

c o r r e l a t i o n  ( a l s o  e m p i r i c a l )  f a i l e d  t o  p r e d i c t  f a i l u r e  t imes f o r  a number o f  

t e s t s  i n v o l v i n g  lower-power m i c r o s t r u c t u r e  f u e l  p ins :  

HUT 5-5A and HUT 5-58 t r a n s i e n t  t e s t e d  i n  TREAT. 

e m p i r i c a l  model was developed and c o r r e l a t e d  t o  12 TREAT t e s t s  i n c l u d i n g  those 

above by a d j u s t i n g  f o u r  a r b i t r a r y  parameters us ing  l i n e a r  regress ion  ana lys is .  

As discussed i n  t h e  Summary o f  P r o j e c t  Analys is  s e c t i o n  t h i s  new f a i l u r e  

c o r r e l a t i o n  l e d  t o  l a t e r  ( than the  P r o j e c t  a n a l y s i s  u s i n g  damage parameter) 

f a i l u r e  t imes, thus y i e l d i n g  more molten f u e l  w i t h  an a t tendant  increased 

HUT 3-5A, HUT 3-56, 

Thus t h e  f a i l u r e  p o t e n t i a l  
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p r o b a b i l i t y  f o r  p lugging.  

impor tan t  t o  ensure t h a t  t h e  p i n  f a i l u r e s  occur h i g h  i n  t h e  core. ( I f  they 
f a i l e d  c l o s e  t o  t h e  midplane t h e r e  would be more mol ten f u e l  moving i n  t h e  p i n  

t o  t h e  f a i l u r e  s i t e  thus adding r e a c t i v i t y  and the re  would be tendencies t o  

freeze s i m i l a r  t o  h igh  f a i l u r e  events.) 

general tendency l o r  p i n s  t o  f a i l  h i g h  i n  t h e  core. 

o f  t h e  r e s u l t s  of t h i s  HEDL ana lys i s . )  

assoc iated w i t h  t h e  statement t h a t  p i n s  f a i l  h i g h  i n  t h e  core and s p e c i f i c a l l y  

u n c e r t a i n t i e s  associated w i t h  t h e  f a i l u r e  p o t e n t i a l  c o r r e l a t i o n  i t s e l f ,  i t  i s  

impor tan t  t o  l i s t  two r e l e v a n t  areas o f  concern: 

Because o f  t h e  tendency t o  f a i l  l a t e r ,  i t  i s  more 

We b e l i e v e  t h a t  t h e r e  w i l l  be a 

(This  op in ion  i s  independent 

However, due t o  the  u n c e r t a i n t i e s  

Since the  f a i l u r e  p o t e n t i a l  c o r r e l a t i o n  i s  emp i r i ca l ,  t h e  data on which 

i t  i s  based should be as p r o t o t y p i c  as p o s s i b l e  o f  t h e  r e a l  r e a c t o r  

s i t u a t i o n ;  t h a t  i s ,  t h e r e  should be on ly  a very l i m i t e d  e x t r a p o l a t i o n  o f  

t h e  c o r r e l a t i a n  beyond t h e  range o f  t h e  o r i g i n a l  data base. 

n o t  appear t o  be t h e  case, due t o  the  number o f  non -p ro to typ i c  fea tu res  

o f  t h e  EBR-I1 i r r a d i a t i o n s  and TREAT t r a n s i e n t  t e s t i n g .  

Th is  does 

Among these are: 

(a) 

(b) 

(c) 

(d) 

(e) 

(f) 

no fu l ly -developed and a x i a l l y - v a r y i n g  r e s t r u c t u r i n g  i n  t h e  13 i n c h  

EBR-11 p.ins used i n  TREAT 

i r r a d i a t i i o n  a t  d i f f e r e n t  l i n e a r  powers than t y p i c a l  o f  t h e  FFTF 

d i f f e ren t .  f luence/burnup r a t i o s  i n  EBR-I1 compared t o  t h e  FFTF 

no h e a l i n g  of cooldown cracks be fo re  TREAT t r a n s i e n t  t e s t i n g  

f luence alxial-dependence i s  n o t  p r o t o t y p i c  

because o f  t h e  s o f t  TREAT neutron spectrum, r a d i a l  temperature 
p r o f i l e s  a re  n o t  p r o t o t y p i c .  

A number of these non-prototyp ic  fea tu res  a re  used by t h e  P r o j e c t  t o  

e x p l a i n  why t h e  MELT-I11 p r e d i c t e d  c ladd ing  temperatures a t  f a i l u r e  f o r  

t he  FFTF (p red ic ted  us ing  t h e  f a i l u r e  p o t e n t i a l  c o r r e l a t i o n )  f a l l  completely 
ou ts ide  the range o f  values found i n  t h e  TREAT data base (note F igu re  3 . 3  

o f  Ref. 2). 
ana lys i s  does seem t o  i n d i c a t e  t h a t  a considerable e x t r a p o l a t i o n  o f  t he  

c o r r e l a t i o n  i s  necessary. Whether w i t h i n  t h e  con tex t  o f  t h i s  p a r t i c u l a r  
mismatch o r  cons ide r ing  t h e  non-p ro to typ i c  fea ta res  by themselves, these 

fea tu res  make i n t e r p r e t a t i o n s  for t h e  FFTF t r a n s i e n t  overpower behavior  

d i  f f i cu 1 e. 

The second conclus ion 'drawn by  t h e  P r o j e c t  (p 3-40 o f  Ref. 2) upon complet ing 

a ' s t a t i s t i c a l  a n a l y s i s  'of t h e  f a i l u r e  p o t e n t i a l  c o r r e l a t i o n ,  namely, t h a t  

" f u e l  p i n  f a i l u r e  near t h e  ' ax ia l ,  c e n t e r - l i n e  i n  t h e  'case o f  r e a c t i v i t y  

i n s e r t i o n  ramps l e s s  thaw lb /seE i s  e'ssentially-precluded,' appears t o  be 

based on-a s t a t i s t i c a l  v a r i a t i o n  about a b e s t - e s t i m a t e ' f a i l u r e  l o c a t i o n  

p r e d i c t e d  by t h e  f a i l u r e  p o t e n t i a l  c o r r e l a t i o n .  Since t h i s  b e s t  est imate 
i s  determined from non-prototyp ic  data, i t  i s  n o t  c l e a r  t h a t  t h e r e  ' i s  

Rlegardless o f  t h e  reason for t h i s  mismatch, t he  MELT-I11 

1 - ,  _. -1 
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su f f i c i en t  confidence in the mean value t o  s t a t e  t ha t  cen ter - l ine  
f a i l u r e s  have been "es sen t i a l ly  precluded." 
pin f a i l u r e s  a re  not t o t a l l y  de te rminis t ic  b u t  wi l l  be pa r t i a l ly  
s tochas t ic  w i t h  var ia t ions  in time of f a i l u r e  and locat ion of f a i l u r e  
a b o u t  the  best  es t imate  values. 
incoherence appears t o  be appropriate  ( p  3-39 of Ref. 2 ) ) .  

(We agree however t h a t  fuel  

T h u s  the "popcorn popper" idea of 

In conclusion, our posi t ion regarding t r ans i en t  overpower pin f a i l u r e  fo r  
the  FFTF as predicted by the f a i l u r e  potent ia l  cor re la t ion  i s  t h a t  
predicted t rends a re  cor rec t  and key ingredients  accounted f o r .  However, 

, the  appl icat ion of the f a i l u r e  potent ia l  cor re la t ion  t o  the FFTF means a 
considerable extrapolat ion from the EBR-I1 TREAT data base. 
our  opinion t h a t  the  uncertainty in the best  estimate f a i l u r e  locat ion 
( a s  well as f a i l u r e  time) i s  l a rger  than proposed and t h a t  f a i l u r e s  near 
the center  l i n e  a r e  n o t  precluded. This does n o t  mean tha t  we bel ieve 
t h a t  the  f a i l u r e s  wi l l  dominate a t  the core midplane. I t  does mean tha t  

there  i s  l e s s  ce r t a in ty  regarding the negative r eac t iv i ty  e f f ec t s  of fuel 
mot ion .  
f reezing increases .  

Thus i t  i s  

T h u s  the  poss ib i l i t y  of added p i n  f a i l u r e s  and more local fuel 
This i s  discussed fu r the r  under ( 3 )  below. 

(3)  We agree with the Project  t h a t  there  -is a real  poss ib i l i t y  t h a t  fuel wil l  
f reeze and plug once i t  i s  injected in to  the coolant stream and t h a t  t h i s  
p o s s i b i l i t y  increases with the amount of molten fuel e jec ted .  
w i t h  the Project  t h a t  there  will be a cer ta in  amount of incoherence in f a i l u r e s  
( a n d  therefore  in  i n i t i a l  f reezing loca t ions)  across the subassembly due t o  
the overcooling of the peripheral pins. Because of t h i s  incoherence and of 

s tochas t ic  f a i l u r e  e f f e c t s ,  we bel ieve t h a t  the to t a l  subassembly blockage by 
fuel f reezing and plugging wi l l  n o t  occur. 
core may very well occur thereby presenting the question of coo lab i l i t y .  
Thus, our concern l i e s  with the  conclusion drawn by the Project  t h a t  
incoherence c h a r a c t e r i s t i c s  and pa r t i a l  sweepout together wil l  assure  
long-term coo lab i l i t y .  
following: 

We a l so  agree 

However, pa r t i a l  plugging in the 

Our concerns in t h i s  area a r i s e  because of the 

( A )  Most of the TREAT t r a n s i e n t  overpower t e s t s  resu l ted  in s i g n i f i c a n t  i f  

not t o t a l  plugging. 
the  preliminary data," t o  have completely plugged. 
have been r u n  under prototypic conditions of sodium flow, pressure drop, 
and power h is tory  (no overpowering) and thus was t o  have met the 
requirements t o  obtain val id  pos t - fa i lure  data f o r  a simulated FFTF 
environment. (Previous t e s t s  have been c r i t i c i z e d  f o r  not being 
s u f f i c i e n t l y  prototypic . )  
two condi t ions b u t  evident ly  the  t e s t  was overpowered ( r e l a t i v e  t o  an 
an t ic ipa ted  FFTF t r a n s i e n t  overpower power t r a c e ) .  
t o  i n t e rp re t  the plugged condition in the H-6 TREAT t e s t  and i t s  relevance 
f o r  pos t - fa i lure  behavior in  the  FFTF. 

These t e s t s  include the H-6 t e s t  which appears,  from 
T h i s  t e s t  was t o  

Modification t o  the MARK-I1 loop met the f i r s t  

Thus i t  i s  d i f f i c u l t  
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I n  s p i t e  of t he  tendency t o  p l u g  i n  the  TREAT t r a n s i e n t  overpower t e s t s ,  

t he re  i s  evidence o f  some sweepout o f  small  f u e l  p a r t i c l e s .  I n  H-6 
be fo re  the  p lugg ing  took p lace,  t he re  i s  evidence t h a t  some sweepout o f  

f u e l  from the  i n i t i a l  f a i l u r e  occurred. 

cons iderable sweepout. Th is  t e s t  w i t h  f r e s h  f u e l  p i n s ,  was successful i n  

Moreover, t h e  R-12 t e s t ”  i n d i c a t e d  

.e . ,  t he  a n t i c i p a t e d  FFTF power 

t e r  t he  f i r s t  p i n  f a i l u r e )  t o  the  

app ly ing  the  “proper”  power h i s t o r y  ( 

t r a c e  which drops o f f  s i g n i f i c a n t l y  a 

t e s t .  

(B) The o u t - o f - p i l e  (CAMEL-2, HUMP 7 p i n )  t es ts13  i n d i c a t e  sweepout f o r  

s imulated t r a n s i e n t  overpower events, b u t  t he  c h a r a c t e r i z a t i o n  o f  t h e  

i n j e c t e d  m a t e r i a l  ( temperature, v o i d  f r a c t i o n ,  diaphragm behavior )  and 

r a t e  o f  i n j e c t i o n  i n v o l v e  u n c e r t a i n t i e s ;  moreover t h e  degree t o  which the  

i n j e c t e d  m a t e r i a l  c h a r a c t e r i s t i c s ,  i n j e c t i o n  r a t e s ,  and i n j e c t e d  masses 

s imulate p r o t o t y p i c  t r a n s i e n t  overpower phenomena i s  n o t  reso lved  a t  t h i s  

t ime. 

( C )  The P r o j e c t  ana lys i s  does n o t  cons ider  the  e f f e c t  o f  c l a d  m e l t i n g  o f  p ins  

ad jacent  t o  f a i l e d  p i n s  and the  subsequent tendency f o r  f a i l u r e  propagation. 

(D) It i s  n o t  c l e a r  what the  e f f e c t  w i l l  be i n  t h e  FFTF o f  p o s s i b l e  l a rge ,  

delayed pressure pulses from f u e l  coo lan t  i n t e r a c t i o n s  d u r i n g  the  t r a n s i e n t  

overpower sequence. Pressure pulses have been observed i n  TREAT (H-6 
w i t h  130 atmospheres”) and i n  o u t - o f - p i l e  t e s t s .  

pu lses have very l i t t l e  energy associated w i t h  them ( i . e . ,  t he  i n t e g r a l  

o f  t he  pressure pu lse  i s  low). I f  they remain small  and l o c a l i z e d  i n  an 

FFTF environment, they cou ld  a i d  d i spe rs ing  and sweepout. 

The observed pressure 

I n  conclus ion,  we agree w i t h  t h e  P r o j e c t  t h a t  t h e  p i n  f a i l u r e s  w i l l  t end  t o  be 

above the  r e a c t o r  midplane, and consequently i n i t i a l  fue1.motion i n  t h e  f u e l  p i n  
w i l l  t end  t o  add negat ive r e a c t i v i t y  and c o n t r i b u t e  %to - reduc ing  t h e  power. 

t h e r e  w i l l  be an incoherence i n  f a i l u r e  t ime  a n d . p o s i t i o n  due t o  the  s tochas t i c  

na tu re  o f  t he  f a i l u r e  events, t he  intrasubassembly incoherence due t o  ove rcoo l i ng  

o f  t he  pe r iphe ra l  pin:, and incoherence due t o  intersubassembly e f f e c t s .  We b e l i e v e  

however t h a t * t h e s e  a m e l i o r a t i n g  e f f e c t s  a re  n o t  s u f f i c i e n t  t o  ensure l ong  term 

c o o l a b i l i t y  a f t e r  t r a n s i e n t  overpower events. 

meltdown phase can’not be e l im ina ted .  

C e r t a i n l y  

Thus t h e  p o s s i b i l i t y  f o r  e n t e r i n g  a 

Conclusion +,. 

Although we b e l i e v e - t h a t  t he re  a re  s i g n i f i c a n t  u n c e r t a i n t i e s  rega rd ing  t h e  analyses 

and i n t e r p r e t a t i o n  o f  experiments as presented by t h e  P r o j e c t ,  we b a s i c a l l y  agree 

w i t h  t h e  P r o j e c t  conclusion, t h a t  t r a n s i e n t  overpower acc iden t  consequences a re  

considerably  l e s s  than t h e  work-energy used t o  evaluate t h e  r e a c t o r  coo lan t  system 

and containment desjgn. 
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15.3.2 Loss-of-Flow Accident  'Assessment 

I n t r o d u c t i o n  

This rev iew c o n s t i t u t e s  an updated assessment o f  an unprotected l o s s - o f - f l o w  acc ident  

f o r  the  FFTF. 
Report o f  October 1972 

Safety  Analys is  Report' and i n f o r m a t i o n  prov ided by the  P r o j e c t  dur ing  the  c o n s t r u c t i o n  

rev iew stage. 

B a s i c a l l y  the  P r o j e c t ' s  conc lus ion i n  the  P r e l i m i n a r y  Safe ty  Analys is  Report was 

t h a t  the  r e a c t o r  would e v e n t u a l l y  be shut  down by the  negat ive feedback from t o t a l  

sodium vo id ing ,  and t h a t  t h e  acc ident  would no t  have generated enough energy t o  

disassemble the  reac tor .  

Report review, Argonne Nat iona l  Laboratory (ANL) performed some a d d i t i o n a l  a n a l y s i s  

on the  FFTF l o s s - o f - f l o w  acc ident  u t i l i z i n g  the  ANL developed code SAS2A.4 Th is  

ana lys is  i n d i c a t e d  t h a t  d u r i n g  the  l o s s - o f - f l o w  acc ident  sequence, subassembly 

slumping leads t o  r e a c t i v i t y  i n s e r t i o n  r a t e s  i n  t h e  range of 15$/sec which would 
then d r i v e  some o f  t h e  mol ten f u e l  i n t o  t h e  sodium reg ion  near the  t o p  o f  t h e  f u e l  

subassemblies r e s u l t i n g  i n  v i o l e n t  f u e l / c o o l a n t  i n t e r a c t i o n .  The dynamics o f  t h i s  

i n t e r a c t i o n  process were evaluated and showed t o  be w e l l  w i t h i n  the  s t r u c t u r a l  

design b a s i s  number o f  150 MWsec. 

t h e  subsequent ANL analyses f a i l e d  t o  c a r r y  t h e  acc ident  scenar io  t o  the  p o i n t  

where the  core would be i n  a permanently s u b c r i t i c a l  s t a t e  thus p r o v i d i n g  t h e  

i n i t i a l  c o n d i t i o n s  f o r  f i n a l  d i s p o s i t i o n  o f  the  core m a t e r i a l  ( i . e . ,  i n  p lace  

c o o l i n g  o f  t h e  pos t -acc ident  core debr is  o r  eventual p e n e t r a t i o n  o f  the  r e a c t o r  

vessel ) .  We f i n a l l y  concluded i n  t h e  Safety  Eva lua t ion  Report t h a t  because o f  

f a c t o r s  such as u n c e r t a i n t i e s  i n  the  phenomena i n v o l v e d  and l a c k  o f  experimental 

data, "it i s  prudent  t o  r e t a i n  s u b s t a n t i a l  conservatism i n  the  eva lua t ion  o f  p o s t u l a t e d  

l o s s - o f - f l o w  acc idents  i n  t h e  FFTF". Because o f  our  cont inu ing  concerns as w e l l  as 

those o f  the  ACRS regard ing  the  e v o l u t i o n  o f  t h e  acc ident  scenar io  f o l l o w i n g  

loss-o f - f low acc ident  i n  the  FFTF, e s p e c i a l l y  the  p o t e n t i a l  f o r  r e c r i t i c a l i t y  

events and t h e i r  magnitude, ANL pursued the  a n a l y s i s  o f  the  l o s s - o f - f l o w  acc ident  

f o r  t h e  FFTF and documented the  r e s u l t s  i n  two r e p o r t s  which covered b o t h  the  

i n i t i a t i n g  and core d i s r u p t i o n  phases. 5 y 6  From these s tud ies  ANL concluded t h a t ,  

f o r  a l i q u i d  metal f a s t  breeder r e a c t o r  t h e  s i z e  o f  the  FFTF, the  l o s s - o f - f l o w  . 

sequence w i l l  i n v o l v e  a r e l a t i v e l y  gradual meltdown o f  the  core d u r i n g  which m i l d  

nuc lear  excurs ions migh t  occur. 

and should no t  l e a d  t o  h i g h  l o c a l  p r e s s u r i z a t i o n s .  

t h a t ,  because o f  incomplete understanding b f  t h e  dynamics o f  t h e  t r a n s i t i o n  phase 

( i . e . ,  t h e  phase t h a t  begins a t  the  p a r t  o f  t h e  a n a l y s i s  where subassembly i n t e g r i t y  

i s  s t a r t i n g  t o  be l o s t ;  see Sect ion 15.3.3 for our  assessment o f  t h i s  phase o f  the  

acc ident) ,  more energet ic  excursions i n  t h e  range o f  20 t o  5O$/sec cannot be precluded. 

These developments were taken i n t o  account i n  a supplement7 t o  the  Safety  Eva lua t ion  

Report where we concluded t h a t  even through i t  appears t h a t  maximum ramp r a t e s  

The e a r l i e s t  s t a f f  eva lua t ion  was documented i n  our Safety  Eva lua t ion  
1 and was based on i n f o r m a t i o n  a v a i l a b l e  i n  the  P r e l i m i n a r y  

Dur ing t h e  p e r i o d  o f  the  P r e l i m i n a r y  Safety  Analys is  

3 

It should be p o i n t e d  o u t  t h a t  bo th  t h e  PSAR and 

These excurs ions should be q u i t e  m i l d  (< 20$/sec) 

It was a l s o  concluded then 
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during core disruptive accidents in the FFTF may well be less than 100$/sec, the 
research and development effort should continue to reliably establish the accident 
scenario and its dynamics fcllowing the loss of subassembly integrity. 
present assessment of the injtiating phase of a loss-of-flow accident in the FFTF 
follows next. 

The staff’s 

Present Evaluation 

The present updating includes: consideration of new experimental data; the use of 
an improved version o f  SAS, i.e., SAS3A 
runs (intended mainly as sensitivity analysis on the parameters which are believed 
to be most important ‘in the evolution of the transient); the latest information 
supplied by the Project;’ and the staff work on the initiating phase of loss-of-flow 
accident for the Clinch River Breeder Reactor. 

8 in performing a limited number of parametric 

10 

The objectives of this evaluation are twofold; first, to assess the possibility of 
a loss-of-flow accident evolving directly into a hydrodynamic disassembly (and if 
so at what rate?) and second, to identify the core conditions at the end of the 
initiating phase which can be used as initial conditions in further assessment of 
the accident scenario, i.e., transition phase and potential for recriticality. 

This review indicates that direct hydrodynamic disassembly is unlikely. At the end 
of the initiating phase, the core is expected to be neutronically shutdown and at a 
small fraction of the normal power. 
slumping of the high power subassemblies aided by small amounts due to clad motion 
result in a benign excursion. 
high power subassemblies due to fuel vapor pressure which is estimated to reach a 
few atmospheres. Clad motion in high power subassemblies will result in thin 
partial blockages at the top of the core and thicker ones at the bottom. 

Positive reactivity insertion due to fuel 

Some fuel dispersal is expected to take place in the 

The anticipated sequence of events for the FFTF loss-of-flow accident includes: 
subassembly voiding, clad motion and plugging, fuel motion in voided subassemblies 
which results in a benign power transient and-fuel dispersal in high power subassemblies, 
coolant voiding in low or intermediate power subassemblies and neutronic reactor 
shutdown. The major reactivity contributions come from coolant voiding, the Doppler 
effect, fuel axial expansion, clad motion and fuel motion. This scenario has been 
determined via SAS3A parametric calculations supplemented with a phenomenological 
understanding of the processes involved. After initiation of coastdown, the coolant 
temperature will rise and boiling commences in the‘central pins’of the high power 
subassemblies. In this interval (which is of the order of 12-15 sec), the power 
level falls to about . i ’5- .80 of the normal power level: 
coolant voiding in SAS3A is with a one dimensional multibubble slug model, where 
flow reversal occws’about . 6  sec after bubble formation. 
there is a temperature difference between the central and the outer pin rows of the 

The representation of 

In the subassembly, 
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orde r  o f  a few hundred degrees Centigrade; t he  s t a f f  w i t h  i t s  consul tants  i n v e s t i -  

gated the  two dimensional aspects o f  v o i d i n g  which a r i s e  from these temperature 

d i f f e rences .  11 

Th is  work i n d i c a t e d  t h a t  t h e  bubble w i l l  grow i n  a r a d i a l  and a x i a l  d i r e c t i o n  and 

e f f e c t i v e  f low r e v e r s a l  w i l l  occur about 1.5 sec l a t e r .  Some experimental v e r i f i -  

c a t i o n  o f  these p r e d i c t i o n s  e x i s t s . ”  

scenar io  f o r  t h e  C l i n c h  R ive r  Breeder Reactor has been i n v e ~ t i g a t e d ’ ~  and does n o t  

seem t o  a l t e r  t h e  bas i c  event  sequence. 

t h e  FFTF, i . e . ,  t h e  e longa t ion  o f  t ime  t o  f l o w  reve rsa l  does n o t  a f f e c t  t h e  event  

sequence because, from t h e  onset o f  b o i l i n g  u n t i l  c l a d  mot ion i n i t i a t i o n ,  t h e  

v o i d i n g  r e a c t i v i t y  feedback dominates t h e  t r a n s i e n t .  

Fo l l ow ing  subassembly v o i d i n g  and c l a d  d ryou t  t h e  power l e v e l  increases t o  about 

90% o f  t he  normal power w i t h  f u e l  a x i a l  expansion and Doppler negat ive r e a c t i v i t i e s  

coun te rac t i ng  t h e  p o s i t i v e  r e a c t i v i t y  o f  t h e  h igh  power subassembly vo id ing.  

m e l t i n g  f o l l o w s  w i t h i n  one o r  two seconds and upward c l a d  mot ion r e s u l t s  due t o  

coo lan t  vapor streaming. 
hence incoherent  c l a d  mot ion i s  t o  be expected. 

CLAZAS subroutine14 does n o t  account f o r  t h i s  incoherency. 

i n v e s t i g a t e d  exper imen ta l l y  w i t h  s imu lan t  m a t e r i a l s  as w e l l  as a n a l y t i c a l l y .  l5 The 

equ iva len t  (as f a r  as r e a c t i v i t y  feedback i s  concerned f o r  one dimensional c l a d  

r e l o c a t i o n )  v e l o c i t y  was c a l c u l a t e d  t o  be i n  t h e  neighborhood o f  80 cm/sec. 

small  p o s i t i v e  r e a c t i v i t y  i n s e r t i o n  and a t h i n  p a r t i a l  upper p l u g  w i l l  r e s u l t  from 

t h e  expected c l a d  motion. 

and a reve rsa l  of c ladd ing  f l o w  w i t h  a t h i c k e r  p l u g  expected t o  be formed i n  t h e  

bottom o f  t h e  core. 

 consideration^'^ concluded t h a t  t h e r e  w i l l  be l i t t l e  o r  no upward mot ion o f  t h e  

mol t e n  c ladding.  

The e f f e c t  o f  t h i s  delay on t h e  l o s s - o f - f l o w  

The phenomenology i s  equa l l y  app l i cab le  t o  

Clad 

The c l a d  m e l t i n g  p a t t e r n  w i l l  resemble t h e  v o i d i n g  p a t t e r n  

Th is  problem has been 

The modeling i n  SAS3A v i a  the  

A 

P lug i n f o r m a t i o n  w i l l  cause a decrease i n  vapor streaming 

The FFTF P r o j e c t  based on s imulant  experiments16 and q u a n t i t a t i v e  

A f t e r  a p o r t i o n  of t h e  c ladd ing  has been removed, t h e  f u e l  temperature w i l l  r i s e  
. r a p i d l y  and f u e l  m e l t i n g  w i l l  t ake  p lace  i n  the c e n t r a l  p a r t  o f  t h e  p i n  p rog ress ing  

r a d i a l l y , o u t w a r d .  As t h e  temperature approaches t h e  m e l t i n g  p o i n t ,  f i s s i o n  gases 

w i l l  be released. O f  t h e  a v a i l a b l e  fue l -behav io r  TREAT t e s t s ,  t h e  most r e l e v a n t  i s  

t h e  F1 experiment i n  which t h e  f u e l  underwent massive s w e l l i n g  and then  slumped 

under g rav i t y .18  From t h e  F1 and more recen t  work” we concluded t h a t  no f u e l  

d i s p e r s a l  can be expected due t o  f-ission’gas. 

r e s u l t s  i n  s i g n i f i c a n t  r e a c t i v i t y  feedback which makes t h e  core s u p e r c r i t i c a l  t o  

j u s t  below prompt c r i t i c a l .  

which r a i s e s  fue l  vapor pressure t o  few atmospheres ( i n  few h i g h  power subassemblies). 

Th i s  d isperses a small  amount o f  f u e l  and renders t h e  r e a c t o r  s u d c r i t i c a l .  

t h e  i n i t i a t i o n  o f  f u e l  m e l t i n g  t h e  negat ive feedback due t o  a x i a l  expansion i n  t h a t  

p a r t i c u l a r  subassembly i s  d iscont inued.  

hea t ing  t o  t h e  i n i t i a t i o n  o f  me l t i ng ,  we accounted f o r  o n l y  25 pe rcen t  o f  t h e  f u e l  

a x i a l  expansion r e a c t i v i t y  feedback (based on a v o l u m e t r i c a l l y  averaged 

Slumping o f  f u e l  o r  a f u e l / s t e e l  mix 

The power r i s e s  t o  about 50-70 t imes t h e  normal power 

A f t e r  

However from t h e  i n i t i a t i o n  o f  f u e l  



temperature). Th i s  i s  based on cons ide ra t i ons  o f  f u e l  swe l l i ng ,  crack ing,  and 

creep deformation. Some experimental evidence wi th i n - p i l e  measurements i n  suppor t  

o f  t h e  l e s s  than f r e e  expansion has been g iven by Cantley.” The scenar io  o u t l i n e d  

above i s  rough ly  i n  agreement w i t h  t h e  l a t e s t  eva lua t i on  g i ven  by t h e  P r o j e c t .  

The impor tan t  conc lus ion i s  t h a t  t h e  general o u t l i n e  o f  t h e  scenar io  does n o t  

change w i t h  t h e  v a r i a t i o n  o f  t h e  parameters w i t h i n  the  u n c e r t a i n t y  range. Some o f  

our consu l tan ts  b e l i e v e  that even m i ld  excursions w i l l  n o t  t ake  p l a c e . * l  The power 

excurs ion which r e s u l t s  from fue l  slumping i s  n o t  a u t o c a t a l y t i c  i n  nature. Indeed 

another p o t e n t i a l  mechanism f o r  negat ive r e a c t i v i t y  i n s e r t i o n  e x i s t s ,  i . e . ,  v o i d i n g  

o f  t h e  low power subassemblies which l i e  i n  t h e  th ree  o u t e r  r i n g s  and which have an 

o v e r a l l  nega t i ve  v o i d i n g  r e a c t i v i t y .  

b o i l i n g  i f  the  power continues around t h e  normal l e v e l  o r  by p i n  f a i l u r e s  i f  t h e  

excurs ion i s  o f  t h e  h ighe r  s e v e r i t y  t han  what has been descr ibed above. 

8 

Th is  can be accompllshed e i t h e r  by sodium 

I n  summary: 

- The unprotected loss-of - f low t r a n s i e n t  i n  t h e  FFTF i s  n o t  a n t i c i p a t e d  t o  l ead  

i n t o  d i r e c t  enerlgetic hydrodynamic disassembly, and 

- A t  t h e  end o f  t h e  i n i t i a t i n g  phase t h e  core i s  expected t o  be n e u t r o n i c a l l y  

shut  down due t o  l i m i t e d  f u e l  d i spe rsa l  i n  the  h i g h  power subassemblies (and/or 

v o i d i n g  i n  the  low power pe r iphe ra l  subassemblies). 

expected t o  be slumped w i t h  p a r t i a l  t h i n  upper blockages and lower  t h i c k  

blockages. 

A few subassemblies a re  

The development o f  t h e  core phenomenology and t h e  entrance o f  t h e  core i n t o  t h e  

t r a n s i t i o n  phase w i l l  be discussed i n  t h e  f o l l o w i n g  sect ion.  

15.3.3 R e c r i t i c a l i t y  

I n t r o d u c t i o n  

A f t e r  t h e  issuance o f  t he  Safety  Eva lua t i on  R e p o r t s f o r  t h e  FFTF 1 i n  October, 1972, 

t h e  Advisory Committee on Reactor Safeguards and the  s t a f f  requested t h a t  t h e  P r o j e c t  

cons ider  t h e  p o s s i b i l i t y  o f  r e c r i t i c a l i t y  f o r  core d i s r u p t i v e  acc idents  i n  t h e  FFTF 

and t h e  s a f e t y  i m p l i c a t i o n s  o f  r e c r i t i c a l i t y .  

P r o j e c t  had Argonne Na t iona l  Laboratory  conduct a r e c r i t i c a l i t y  study.’ 

p l u s  a complementary oneaon t h e < l o s s - o f - f l o w  i n i t i a t i n g  phase, was reviewed by t h e  

s t a f f  and commented on1 i n  Supplement No. 1 . t o  t h e  Sa fe ty  Eva lua t i on  Report. 

Po r t i ons  o f  t h e  Supplement r e l a t i n g  t o  t h e  rev iew o f  these two r e p o r t s  and t o  t h e  

issue o f ’ r e c r i t i c a l i t y  i n  general are, quoted here f o r  completeness. #.From page 18: 

I n  response t o  t h i s  request, t h e  

Th is  study, 

4 

, .  8 
* ,  

” ... It appears t h a t  HED,L and ANL b e l i e v e  t h a t  t h e  LOF sequence i n  t h e  FFTF 

w i l l  i n v o l v e  a r e l a t i v e l y  gradual.meltdown.of t h e  core d u r i n g  which m i l d  

nuc lea r  excurs ions might  occur w i t h  r e a c t i v i t y  i n s e r t i o n  r a t e s  o f  l e s s  than  50 
$/sec. Eventual whole core involvement i n  t h e  meltdown was i n d i c a t e d  t o  be 
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l i k e l y .  

f u e l  w i l l  be e j e c t e d  i n t o  the  upper plenum area above the  core a l though d e t a i l e d  

analyses o f  t h i s  phase o f  t h e  sequence are no t  y e t  completed. 

concern w i t h  the  LOF acc ident  i n  the  FFTF has been the  p o t e n t i a l  f o r  r e c r i t i -  

c a l i t y  i n v o l v i n g  l a r g e  r e a c t i v i t y  i n s e r t i o n  ra tes .  

occur as a r e s u l t  o f  coherent g r a v i t y  recompaction o f  s u b s t a n t i a l  amounts of 

m a t e r i a l  f a l l i n g  through s u b s t a n t i a l  d is tances and/or pressure d r i v e n  recom- 

p a c t i o n  o f  l e s s e r  amounts o f  m a t e r i a l .  

i n  e i t h e r  c i s e  t o  achieve prompt c r i t i c a l i t y . .  . 

According t o  these assessments a considerable amount o f  the  molten 

... Our major 

These can be p o s t u l a t e d  t o  

S u f f i c i e n t  r e a c t i v i t y  must be i n s e r t e d  

From page 20: 

... An aspect o f  the  LOF a n a l y s i s  t h a t  r e q u i r e s  considerably  more s tudy i s  t h e  

" T r a n s i t i o n  Phase." 

subassembly i n t e g r i t y  i s  s t a r t i n g  t o  be l o s t .  

was assumed t o  l e a d  t o  m i l d  disassembly events (see ANL/RAS 71-29). 

m i l d  excursions may s t i l l  occur the  new analyses g i v e  considerably  more a t t e n t i o n  

t o  d e t a i l s  o f  f i s s i o n  produc t  gas e f f e c t s  and c l a d  and f u e l  motion i n c l u d i n g  
t h e  e f f e c t  o f  vapor streaming on l i q u i d  c l a d  and f u e l  behavior. 

phenomenon has been modeled i n  t h i s  regard and i s  descr ibed as be ing  

p o t e n t i a l l y  very  impor tant .  Th is  i s  the  phenomenon o f  " f l o o d i n g "  o r  f l u i d i z a -  

t i o n  which can (accord ing t o  ANL s t a f f  members) l e a d  t o  a "d ispersed f l o w  

regime." Th is  i s  the  c o n f i g u r a t i o n  ANL be l ieves  w i l l  most l i k e l y  e x i s t  d u r i n g  

core meltdown and w h i l e  the  upper subassembly s t r u c t u r e  i s  be ing  mel ted o u t  t o  

p e r m i t  fue l  exp lus ion  i n t o  the  upper plenum volume. 

t h i s  modeling i s  the  l a r g e  degree o f  s u b c r i t i c a l i t y  i m p l i e d  by t h i s  ( l a r g e l y  

voided) c o n f i g u r a t i o n .  

prompt c r i t i c a l i t y  even less  l i k e l y .  

cons iderably  more s tudy and experimental support." 

Th is  phase begins a t  t h a t  p a r t  o f  t h e  ana lys is  where 

I n  p a s t  analyses f u e l  slumping 

Although 

A new 

An impor tan t  aspect o f  

Th is  may make r a p i d  recompaction events lead ing  t o  

Th is  modeling i s  q u i t e  recent  and r e q u i r e s  

' And f i n a l l y ,  from page 21: 

"Pending f u r t h e r  e v a l u a t i o n  o f  the  t r a n s i t i o n  phase a n a l y s i s  and pressure 

d r i v e n  recompaction s tud ies  f o r  LOF acc idents  ... i t  appears t o  us t h a t  maximum 

ramp r a t e s  d u r i n g  CDA's i n  t h e  FFTF may w e l l  be l e s s  than 100 $/sec. 

would imp ly  t h a t  the  e x i s t i n g  pr imary containment s t r u c t u r e  would no t  be 

breached d u r i n g  a CDA i n  t h e  FFTF . . . . . I '  

This  

It i s  t h e  purpose o f  t h i s  s e c t i o n  of the  r e p o r t  t o  update the  conclus ions drawn i n  

t h i s  Supplement based on: the  F i n a l  Safety  Analys is  Report' eva lua t ion ,  t h e  "Updated 

Assessment" by ANL 

P r o j e c t ' s  a n a l y s i s  and present ing  our eva lua t ion ,  a b r i e f  d e s c r i p t i o n  o f  t h e  r e c r i t i -  

c a l i t y  i s  inc luded.  

6 and our  own independent analyses. Before summarizing the  



_ _  ....... ...... ~ .... ...... ~ ....... .... ............... .. 

Recriticality Descriptt. 

The term "recriticality" is used here to refer to any and all cases of criticality 
which occur in the accident sequence following the initiating phase (for loss-of-flow 
the SAS analysis phase). 7 8 analysis phase and for transient overpower the MELT-I11 
This part of the accident is characterized by core meltdown and is not amenab 
a mechanistic description with present-day computer codes. 

The focus for an assessment of recriticality is the evaluation of fuel motion 
potential driving forc:es for fuel motion are fission-gas and volatile fission 

e to 

The 

products; sodium vapor, steel vapor; fuel vapor, gravity and, for the case of a 
transient overpower sequence, pump pressure head. 
focus of fuel motion, it is important to consider the presence and motion of other 
materials which may make up the core internals, namely, steel, sodium, control 
material, blanket material and fission products. 
augment or mitigate reactivity insertion during an excursion while their presence 
can augment or mitigate the expansion work energy following the excursion. 

In addition to this central 

The motion of these materials can 

In terms of actual recriticality sequences, the subject was divided into four 
problem areas in the ANL Report 2 and into five problem areas in our report on core 
disruptive accident's for the Clinch River Breeder Reactor 9 . Namely: 

Secondary and tertiary recriticality analyzed in conjunction with SAS results. 
In some instances, SAS can be used to calculate these recriticalitity events, 
while for others, SAS stops due to coding limitations (e.g., when fuel moves 
above subassemblics). For the latter cases, the recriticality events are 
assessed using initial conditions from SAS and by stand-alone calculations. 

Reentry of fuel which was initially dispersed by mild and localized disruptions. 
For these cases, ithe subassembly duct walls are assumed intact. Both gravity 
and pressure-driven recompaction are considered. 

Recriticality associated with the "transitiolr to the transition phase.'' 
phase covers the time from first loss of subassembly integrity to the possible 
establishment of ii "sealed bottle" boiled-up pool. Of course, a sustained 
prompt critical excursion during this phase precludes entering the boiling 
pool phase. 

Transition Phase: 
fuel/steel due to external pressures, pool instabilities, and/or-increase in 
heat transfer rates. 

This 

Once in the sealed bottle configuration, collapse of boiling 

Reentry of material following moderate disassembly (gravity or pressure-driven 
recompaction) into the fuel/steel pool. 
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For simplicity here, areas 1, 2, and 3 are lumped together 'and called the 
"Transition-to-the-Transition Phase" and areas 4 and 5 are lumped together and 
called the "Transition Phase. 'I 

If the core does not go into immediate disassembly, it will proceed with a meltdown 
which now involves the subassembly duct walls, reflector subassemblies, test loop 
subassemblies, and control subassemblies, and will evolve into a "sealed bottle" 
boiled-up pool (commonly referred to as the transition phase) barring the occurring 
of significant recriticality in the interim. 
to as the transition to the transition phase. 

It is this interim which is referred 

The description of ttiis interim state of the core is much more difficult than when 
either all subassemblies are assumed intact or the core has evolved into a relatively 
homogeneous pool enclosed in a sealed system as in the transition phase. 
evolution of the core will be highly dynamic with subassembly duct wall melting; 
intersubassembly sodium being forced out of the core; large portions of core solid 
structure and fuel shifting and dropping by gravity; core boundaries dramatically 
changing by freezing and plugging, melting and remelting; and fuel or fuel/steel 
mixtures moving relative to other core components by driving forces due to f i s s i o n  

gas, fuel and steel vapor, and gravity. 
disrupted core, it is important to understand the potential for recriticality. 

The 
. 

In assessing such a dynamic state of the 

The investigation of the transition phase is considerably simpler than that made in 
the transition-to-transition-phase, since the merging of, and gradual transitions 
between, more than one phase i s  absent. 
potential, two physical processes are key: 
pool boundary melting (heat losses). 

In order to assess the recriticality 
namely, boiling pool hydrodynamics and 

Given a boiled-up transition phase pool, there are several ways by which, in principle, 
such pools can be made to achieve recriticality: 
pressure sources at the boundary, (b) by pool collapse due to vapor condensation by 
heat losses or by passive additions of molten steel through the pool boundaries, or 
(c) by reentry of previously expelled fuel slugs formed in the upper blanket and 
fission.gas plenum regions. 
three ways to achieve recriticality are the subject of the Project's evaluation and 
our assessment. 

(a) by pool collapse due to 

The phyiical processes and how they relate to the 

Summary of Project's Analysis 

The Project's position on recriticality is summarized in Section A.3.2 of the Final 
Safety Analysis R e p ~ r t . ~  
into account. 

Only recriticality from the "Transition Phase" is taken 
The Project's position for the transition phase is that 
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- _ _ _ _ _  . . ... . . ... .. . ...~ 

" . . . t h e  probable mode o f  disassembly, i f  the  core were t o  somehow proceed i n t o  

a t r a n s i t i o n  phase, i s  by upward blowdown i n t o  t h e  o u t l e t  sodium plenum region.  

Mechanical work on the  pr imary boundary would be low. The expected consequences 

o f  l o s s - o f - f l o w  w i t h  f a i l u r e  t o  scram thus do n o t  t h rea ten  t h e  pr imary coo lan t  

system i n t e g r i t y  and have no subsequent s a f e t y  i m p l i c a t i o n s .  The d ispersed 

f u e l  i n  t h e  o u t l e t  plenum and t h a t  remaining i n  t h e  core would be s o l i d i f i e d  

and cooled as descr ibed i n  Sect ion A.7 on Postacc ident  Heat Removal." 

2 The main resource r e p o r t  f o r  t he  P r o j e c t ' s  p o s i t i o n  on r e c r i t i c a l i t y  

" t r a n s i t i o n - t o - t r a n s i t i o n  phase" areas i n  a d d i t i o n  t o  t h e  t r a n s i t i o n  phase i t s e l f .  

Summaries o f  these analyses can be found ( i n  a d d i t i o n  t o  i n  t h e  r e p o r t  i t s e l f )  i n  

Chapter 4 o f  Ref. 9 where t h e  ANL FFTF ana lys i s  i s  compared t o  t h e  C l i n c h  R ive r  

Breeder Reactor r e c r i t i c a l i t y  ana lys i s .  A summary i n  t a b u l a r  form i s  g i ven  below 

where the  r e c r i t i c a l i t y  sequences a re  broken down i n  f i v e  ca tegor ies  as descr ibed 

i n  t h e  " R e c r i t i c a l i t y  Desc r ip t i on "  Sect ion above. 

covers va r ious  

EVENTS ASSUMED FOR RECRITICALITY ANALYSIS 

2 Previous Ana lys i s  

R e c r i t i c a l i t y  Sequences f o r  FFTF 

(1) Secondary and T e r t i a r y  R e c r i t i c a l i t y  

Analyzed i n  Conjunct ion w i t h  SAS3A 

(2a) G r a v i t y - d r i v e  Reentry o f  Fuel I n i t i a l l y  

Dispersed by M i l d  Local ized D is rup t i ons  

(S/A Ducts I n t a c t )  

(2b) Pressure-dr ive Recompaction (S/A Ducts 

I n t a c t  ) 

Maximum Range 

5-20$/sec 

Maximum Range 

30-40$/sec 

Maximum Range 

50-100$/sec 

(3)  " T r a n s i t i o n  t o  T r a n s i t i o n  Phase" No S p e c i f i c  Analys is  

(4) T r a n s i t i o n  Phase (Collapse o f  B o i l i n g  

Fuel -Steel  Pool) 

F 25$/sec 

(5) Reentry ' o f  M a t e r i a i  Dur ing T r a n s i t i o n  F lOO$/sec 

The ANL analys is '  concludes (p.74): 
. 

- 
* %  

" I n  summary, i t  i s  our c u r r e n t  judgement t h &  t h e  m o j t  probable p a t h  t o  termina- 

t i o n  i s  a b o i l - o u t  o f  mol ten core m a t e r i a l s  i n t o  t h e  above core sodium t h a t  

does n o t  i n v o l v e  an energe t i c  disassembly excursion. 

disassembly excurs ion cannot c u r r e n t l y  be excluded, nor can i t s  p r o b a b i l i t y  of 

occurrence be accu ra te l y  assessed. 

The p o s s i b i l i t y  o f  a 

Based on our  c u r r e n t  understanding we 
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judge t h a t  such excursions would no t  l i k e l y  be i n i t i a t e d  by r e a c t i v i t y  i n s e r t i o n s  

l a r g e r  than about 100$/sec. 

judgement, however, and no t  t h e  r e s u l t  o f  a r igorous  analysis. ' '  

It should be emphasized t h a t  t h i s  i s  an engineer ing 

I n  a recent  update assessment o f  the  unprotected l o s s - o f - f l o w  accident"  i t  i s  

concluded t h a t  the  prev ious ANL analyses are s t i l l  v a l i d  and t h a t  (p.41), 

"Even though the  nominal p a t h  i s  expected t o  be a gradual me l tou t  and e j e c t i o n  

o f  core m a t e r i a l s  t o  the  above-core sodium plenum, more energet ic  acc ident  

te rmina t ions  were a l s o  considered i n  ANL/RAS 74-16. 

i n  which secondary c r i t i c a l i t i e s  occurred which might  lead  t o  s u f f i c i e n t  f u e l  

vapor pressure t o e n e r g e t i c a l l y  and permanently disassemble the  core. On the  

bas is  o f  these e a r l i e r  s tud ies ,  and the  above e v a l u a t i o n  o f  acc ident  energet ics  

phenomenology developed s ince  t h a t  t ime, i t  i s  f e l t  t h a t  a reasonable judgement 

can be reached t h a t  i t  i s  very  u n l i k e l y  t h a t  ramp r a t e s  as h i g h  as 100$/sec 

cou ld  be induced i n  FFTF as a r e s u l t  o f  the  unprotected l o s s - o f - f l o w  acc ident . "  

Cases were i n v e s t i g a t e d  

S t a f f  Eva lua t ion  

For core d i s r u p t i v e  acc idents  i n  l i q u i d  metal f a s t  breeder reac tors ,  there  are  

gener ic  p o t e n t i a l  acc ident  progress ion paths, and there fore ,  i n  a general way, FFTF 

r e c r i t i c a l i t y  i s  s i m i l a r  t o  the  r e c r i t i c a l i t y  cons idera t ions  f o r  t h e  C l i n c h  River  

Breeder Reactor. 

as were taken i n t o  account i n  Chapter 4 o f  Ref.  9. 

r e c r i t i c a l i t y  ramp r a t e s  which are c a l c u l a t e d  f o r  the  FFTF Pro jec t .2  

update o f  the  FFTF t r a n s i t i o n  phase analys is , "  a main conclus ion i s  t h a t  t h e  

conclus ions drawn i n  Ref. 2 remain v a l i d .  

s t a r t i n g  p o i n t  i n  cons ider ing  the  FFTF r e c r i t i c a l i t y  p o t e n t i a l  i n  general and our 

e v a l u a t i o n  i n  p a r t i c u l a r .  

Thus, t h e  same type o f  cons idera t ions  should be taken i n t o  account 
I n  a d d i t i o n ,  Chapter 4 l i s t s  

I n  t h e  recent  

Thus, Chapter 4 o f  Ref. 9 i s  a good 

There are unique aspects t o  the  FFTF ( r e l a t i v e  t o  t h e  C l i n c h  R iver  Breeder Reactor) 

which have a bear ing  on core d i s r u p t i v e  acc ident  progress ions,  and i n  p a r t i c u l a r ,  

core meltdown phase sequences: 

(1) The FFTF has no a x i a l  o r  r a d i a l  b lankets .  I n  p lace  o f  these, there  are Inconel -  

s t a i n l e s s  s tee l  r e f l e c t o r s  ( a x i a l  r e f l e c t o r s  are 6'' long a t  each end). 

(2) The core  volume and f i s s i l e  i n v e n t o r y  are bo th  smal le r  than the  C l i n c h  R iver  

Breeder Reactor (volume r a t i o  0.41; f i s s i l e  i n v e n t o r y  r a t i o  0.46) w h i l e  t h e  
FFTF enrichments are g r e a t e r  ( i n n e r  core .224 vs. .177; outer  core .274 vs. 

.256), 

( 3  

n 

I n  a d d i t i o n  t o  t h e  9 c o n t r o l / s a f e t y  rod  subassemblies (C l inch  River  Breeder 

Reactor has 19 c o n t r o l  and s a f e t y  rod  S/As), FFTF has a v a r i e t y  o f  spec ia l  

subassemblies (pp t o  9) which can be used fo r  open and c losed loops (two w i t h  

n 
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independent cool.ing systems) for experiments. The impact of the accident 
progression will be influenced by the characteristics of these special 
subassemblies wh7ch can, of course, change depending on the experiment in 
place. 

(4) As a direct result of the smaller size of the FFTF, the whole core sodium-void 
reactivity coefficient is negative (as compared to positive for the Clinch 
River Breeder Reactor). 
accident, thus altering the initial conditions of the following "transition-to- 
transition" and transition phase. 

This affects the initiating phase of the loss-of-flow 

With these differences in mind the present staff assessment of recriticality for 
the two key areas in the meltdown progression namely, the "transition-to-the- 
transition phase" and the transition phase is presented. 

Transition-to-the-Transition Phase 

There are no mechanistic analysis tools presently available with which to assess 
recriticality potential during this phase of the accident meltdown progression. 
performing an assessment of recriticality then, we do not consider "mechanistic" 
scenarios but rather 'conservative recrit ical ity sequences based on available reactivity. 
The approach to recriticality evaluation here can be divided into two parts: 
an assessment of subassembly scale hydrodynamics and heat transfer; and (2) an 
assessment of the neutronic' coupling of the separate, subassembly-scale events to 
the whole core response. 
by the whole core response. 

I n  

(1) 

First the subassembly-scale events are discussed, followed 

(1) Subassembly-scale Events 

Two processes are key in understanding subassembly-scale events during the 
transition-to-the-transition phase, namely, "extended fuel mot io l i "  (hydrodynamics 
of the fuel/steel mixture) and "subassembly wall melting" (thermal interaction 
between the :rel'atively cold sijbassembly wall and the high-temperature hydrodynamic 

'.These two prbcesses -are 'coupled through condensation-melting interaction. 
t o  be asked' is-whether the fuel or fuel/steel mix within the 

s ttiui 'moving' t o  a more reactive configuration. 
If this is indeed the casei'then thi 
on a core-wide basis' in order- to address iecriticality potential. 

Slugs 
of 'fuel which have 'been--driven up o u t  of the -'active core region by, say, steel 

driven recompaction.- The-se -types of reent phenomena have &been considered by 
the Project and are assessed in Ref. 2. With the assumption that these fuel 
slugs are reentering a core vely cldse to delayed critical, the conservative 
analysis indicates ramp rates through prompt critical of from 5$/sec to 100$/sec, 

"collapsing" phenomenon mu& be considered 
It is our 

hat there will be*a.certain amount,of slumping or dollapsing. 

n keenter by'gravity ;lumping or, 'possibly, by aressure- 
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t h e  l a t t e r  be ing  pressure-dr iven recompaction. A recen t  ana lys i s ”  by one o f  

our  consul tants  i n d i c a t e s  t h a t  i t  i s  more l i k e l y  t h a t  a wel l -mixed f u e l / s t e e l  

hydrodynamic zone w i l l  e x i s t  as opposed t o  separate f u e l  slugs. I n  a d d i t i o n ,  

t he  same ana lys i s  i n d i c a t e s  t h a t  s u b s t a n t i a l  upper and lower p lugs w i l l  form 

p r i o r  t o  extended f u e l  motion, thus p rec lud ing  sodium-vapor-pressure d r i v e n  

recompaction. On a subassembly scale then the  c h i e f  concern i s  whether o r  n o t  

t h i s  bo i led-up mix o f  s t e e l  and f u e l  can be produced and maintained thus 

keeping the  f u e l  i n  t h e  subassembly from c o l l a p s i n g  i n t o  a n e u t r o n i c a l l y  more 

r e a c t i v e  c o n f i g u r a t i o n .  A cor ic lus ion o f  t h i s  s tudy i s  t h a t ,  f o r  t h e  FFTF, 

t h i s  bo i led-up pool  w i l l  co l l apse  e i t h e r  by an inadequate supply o f  new s t e e l  

from the  subassembly w a l l s  (s ince s t e e l  i s  cons iderably  l i g h t e r  t han  f u e l ,  i t  

w i l l  r i s e  r a p i d l y  i n  t h e  pool  as a p o r t i o n  o f  i t  vaporizes) o r  by a r i s e  i n  

heat  losses t o  subassembly w a l l s  o r  o the r  heat  s inks.  

w i l l  tend t o  repeat  thus p o s s i b l y  develop ing hydrodynamic o s c i l l a t i o n .  

Also, these co l l apses  

(2) Whole Core Response 

Since the  co l l apse  o f  these subassembly s i zed  pools  i s  probable, and s ince  
these pools  w i l l  have formed i n  a considerable number o f  subassemblies, i t  i s  

impor tant  t o  consider  t h e  i m p l i c a t i o n s  f o r  t h e  whole core i n  terms o f  r e c r i t i -  

c a l i t y .  

I f  t h i s  dynamic system should pass through (delayed) c r i t i c a l ,  f i s s i o n  heat  

w i l l  be generated coheren t l y  throughout  t h e  c r i t i c a l  system. This ,  however, 

i s  a n t i c i p a t e d  t o  be a s lugg ish  r e c r i t i c a l i t y  which may c rea te  s u f f i c i e n t  

pressures t o  cause a blow-down o r  s e t  t h e  stage f o r  f u r t h e r  s l u g g i s h  r e c r i t i c a l i t y  

which i n  t u r n  may cause a blow-down thus n e u t r o n i c a l l y  s h u t t i n g  down the  core. 

The concern here i s  whether l a r g e  susta ined r e c r i t i c a l i t i e s  can be achieved, 

thus generat ing considerable work energy. There i s ,  o f  course, p r e s e n t l y  no 

ana lys i s  c a p a b i l i t y  f o r  m e c h a n i s t i c a l l y  t r e a t i n g  t h i s  dynamic process. 

t he re  a re  scoping r e a c t i v i t y  c a l c u l a t i o n s  which suppor t  t h e  o p i n i o n  t h a t  these 

excursions w i l l  be m i l d  and n o t  sustained. For example, t h e  susta ined ramp 

r a t e  through prompt c r i t i c a l  ( i n  $/sec) (necessary i n  o rde r  t o  have s i g n i f i c a n t  

work energy) can be thought  o f  as t h e  p roduc t  o f  t h e  v e l o c i t y  o f  t he  c o l l a p s i n g  

o r  r e e n t e r i n g  f u e l  mass ( c d s e c )  and t h e  wor th g r a d i e n t  o f  t h a t  event ($/cm). 

For an e n t i r e l y  coherent co l l apse  of t h e  FFTF core t h e  wor th g r a d i e n t  i s  o f  

t h e  order  o f  l$/cm; f o r  any l e s s  coherent event, t h e  va lue would be l ess .  

Thus f o r  t he  t r a n s i t i o n - t o - t r a n s i t i o n - p h a s e  sequence descr ibed above, i t  would 

be considerably  l e s s  than  l$/cm, a t  l e a s t  i n i t i a l l y .  

become more coherent ( i f  i t  does a t  a l l )  t h e  hydrodynamic co l l apse  v e l o c i t i e s  

would be l i m i t e d  t o  those o f  a bo i led-up pool  as descr ibed i n  t h e  nex t  s e c t i o n  

which discusses t h e  t r a n s i t i o n  phase namely, l e s s  t h a n  30-40 cm/sec. 

A t  f i r s t  t h e  o s c i l l a t i o n s  w i l l  be random and n e u t r o n i c a l l y  incoherent .  

However 

As t h e  core dynamics 

Thus i t  i s  ou r  o p i n i o n  t h a t  ene rge t i c  r e c r i t i c a l i t y  i s  h i g h l y  u n l i k e l y  d u r i n g  t h e  

t rans i t i on - to - the - t rans i t i on -phase .  That i s  n o t  t o  say, however, t h a t  t h e r e  w i l l  

be no r e c r i t i c a l i t y  d u r i n g  t h i s  phase. M i l d  r e c r i t i c a l i t y  may induce a blow-down 
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which would shut  t he  core down permanently thus p rec lud ing  t r a n s i t i o n  phase considera- 

ti ons. 

T r a n s i t i o n  Phase 

As noted i n  the  l a s t  s e c t i o n  questions may be r a i s e d  about t h e  p o s s i b l e  e x i s t e  

o f  t he  t r a n s i t i o n  phase. However a t  t h i s  t ime i t  cannot be excluded from the  

acc ident  sequences t h a t  need considerat ion.  I n  t h i s  sec t i on ,  t h e r e f o r e ,  we w i  

assume t h e  ex is tence o f  t h e  t r a n s i t i o n  phase f o r  t he  purpose o f  e x p l o r i n g  the  

p o t e n t i a l  consequences. The phys i ca l  processes a re  i n  a general sense a k i n  t o  

t r a n s i t i o n - t o - t h e - t r a n s i t i o n - p h a s e ,  namely, b o i l i n g  pool  hydrodynamics and poo 

ce 

1 

t h e  

boundary m e l t i n g  (heat losses), but  t he re  a re  severa l  impor tant  d i f f e rences .  

p a r t i c u l a r  upward pressure r e l i e f  paths are l i k e l y  t o  develop which w i l l  i n f l u e n c e  

t h e  course o f  events. 

I n  

Given then a boi led-up ‘ t r a n s i t i o n  phase pool  t he re  are several ways by which, i n  

p r i n c i p l e ,  such pools  cdn be made t o  achieve r e c r i t i c a l i t y :  

due t o  pressure sources a t  t he  boundary, (b) by pool  co l l apse  due t o  vapor condensation 

by heat  losses o r  by massive add i t i ons  o f  mol ten s t e e l  through the  pool  boundaries, 

o r  (c) by r e e n t r y  o f  p r e v i o u s l y  expe l l ed  f u e l  s lugs formed i n  t h e  upper b lanke t  and 

f i s s i o n  gas plenum regions. 

(a) by pool  co l l apse  

(a) Pool Col lapse due t.o P ressu r i za t i on  

P o t e n t i a l  p r e s s u r i z a t i o n  mechanisms a re  the  vapor pressures o f  t h e  more v o l a t i l e  

sodium and s t e e l .  I t  i s  d i f f i c u l t  t o  env i s ion  circumstances i n  which l i q u i d  

sodium would be e n t e r i n g  t h e  pool  through i t s  boundaries under s u f f i c i e n t  

pressure t o  produce a l a r g e  enough volume entrainment and thus p ressu r i za t i on .  

However, t he  FFTF r e a c t o r  i s  designed t o  con ta in  two p ressu r i zed  (E 14 atm) 
sodium loops ( C L I R A 5 )  which w i l l  f a i l  most l i k e l y  du r ing  t h e  l a t t e r  t imes o f  

t he  t r a n s i t i o n - t o - t h e - t r a n s i t i o n  phase o r ’ i n t o  t h e  t r a n s i t i o n  phase i t s e l f .  

(One es t ima t ion  i s  t h a t  t h e  CLIRA ou te r  w a l l  w i l l  m e l t  i n  3 seconds f o l l o w i n g  

adjacent  subassembly meltdown.) As a r e s u l t  o f  t h i s  f a i l u r e ,  sodium may be 

i n j e c t e d  i n t o  t h e  b o i l i n g  f u e l  pool  f rom w i t h i n .  Even i f  a vapor explos ion 

(msec t ime  scale) does n o t  t ake  place, r a p i d  v a p o r i z a t i o n  o f  sodium by r a d i a t i o n ,  

condensation, and convect ion w i l l  take place. A t  these temperatures sodium 

vapor w i l l  a c t  l i k e  i n e r t  gas, producing a - h i g h l y  subcooled pool  and thus 

co l lapse.  

near the  core center ,  and r a t h e r  u n l i k e l y  a t  t h e ’ c o r e  boundaries. 

pool  response would f u r t h e r  decrease t h e  system r e a c t i v i t y  u n t i l  t h e  vapor 

begins t o  separate by bubb1.iny and f r o t h i n g .  Based on s i m i l a r  arguments t o  

those presented i n  connection w i t h  separat ion o f  s t e e l  o r  s t e e l  vapor, ramp 

r a t e s  f o r  t h i s  process i n  excess o f  % 30-40$/sec cannot be v i sua l i zed .  It 

should be recognized, however, t h a t  t h i s  i s  a h i g h l y  undesi rab le event. 

However the  r e s u l t i n g  sodium pressures would be’most l i k e l y  o r i g i n a t i n q  

The i n i t i a l  
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Pool pressurization by steel vaporization is not envisioned except in the 
sense that a steel-fluidized pool is significantly below the boiling point o f  

fuel and if an interruption in steel supply was to occur, collapse would take 
place. This problem is considered further under (b) below. 

(b) Pool Collapse due to Vapor Condensation 

Coherent and sustained pool collapse has not been shown to be realistically 
possible to date. Jackson et al. arbitrarily postulated an instantaneous 
suppression of all vapor production in a boiled-up subcritical pool. 
case pool subsistence is controlled by the rate of the exiting vapor which was 
estimated, using a drift flux formulation and a churn-turbulent flow regime, 
at 23 cm /sec/cm . 
together with the figure of 1$/cm at prompt critical for coherent compaction 
produces a ramp rate of 23$/sec. 
the rate of phase separation drastically reduces as the void fraction decreases 
and the flow regime changes to liquid continuous. 

In this 
J 

3 2 Pool surface drop at 23 cm/sec is thus implied, which 

This rate is probably an overestimate since 

Since heat generation cannot physically be reduced below the small but very 
effective decay heat levels, our consultants searched experimentally for 
mechanistic means to produce pool collapse. 
realistic pool collapse velocities can be bounded at about 13 cm/sec yielding 
ramp rates of 2 ~ ~ s e c .  

Theofanous" determined that 

(c) Fuel Re-entry 

This is the most extensively studied recriticality problem. 
Henni nger" found that a coherent 18 subassembly gravitational re-entry into 
the boiled-up Clinch River Breeder Reactor core will produce less than 30$/sec. 
These 18 subassemblies contain the equivalent of 9% of the core fuel and they 
drop 20 cm into the pool achieving a velocity of 200 cm/sec. 
Jackson13 presented similar calculations for the FFTF. 
large number of variations and concluded that 100$/sec ramp is a reasonable 
"engi,neering judgement" figure. 
circumstances, incoherent re-entry being a major one. 

Ostensen and 

Boudreau and 
They considered a 

They did provide, however, several mitigating 

No phenomenological indication exists that significant fuel masses can re-enter 
coherently from a plugged up upper core structure region that is sufficiently 
strong to contain a transition phase pool. Thus we view the existing re-entry 
calculations as useful studies for providing an understanding of the limits to 
recriticality for the whole-core pool. 

In conclusion, we do not see any mechanistic routes to transition-phase recriticality 
with attendant large work-energy releases for the FFTF. All the conservative 

I 
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scenarious considered had ramp r a t e s  a t  prompt c r i t i c a l  l e s s  than 25-4G$/sec which 

i s  w e l l  w i t h i n  the  bound used t o  evaluate the  r e a c t o r  coo lan t  system and containment 

design. 

15.3.4 Mechanical D i s r u p t i o n / S t r u c t u r a l  Response 

(a) Mechanical D i s r u p t i o n  

I n  Sections 15.3.1, 15.3.2, and 15.3.3 the  p o t e n t i a l  f o r  susta ined r e a c t i v i t y  ramp 

r a t e s  was discussed f o r  t r a n s i e n t  overpower, l oss -o f - f l ow ,  and r e c r i t i c a l i t y ,  

respec t i ve l y .  

est imates o f  t h e  ramp r a t e s  and t h e  r e a c t i v i t y  ramp r a t e s  associated w i t h  l a r g e  

work energ ies (100-350 MJ) which a re  used t o  assess t h e  r e a c t o r  coo lan t  system 

design. 

Th is  s e c t i o n  i s  presented i n  order  t o  p rov ide  a comparison between 

The p o t e n t i a l  f o r  s t r u c t u r a l  damage t o  t h e  r e a c t o r  vessel from a core d i s r u p t i v e  

acc iden t  may be evaluated i n  a v a r i e t y  o f  ways. 

d i v i d e  t h e  acc iden t  i n t o  phases and use a separate computer program t o  evaluate 

each phase. The P r o j e c t  has analyzed the  i n i t i a t i n g  phase o f  t h e  acc iden t  w i t h  

MELT I11 
phases w i t h  VENUS-I14'5; and t h e  r e s u l t i n g  work p o t e n t i a l  w i t h  SOCOOL- I1  6 when 

Na-vapor was assumed t h e  work ing f l u i d ,  and w i t h  an i s e n t r o p i c  expansion c a l c u l a t i o n  

when fue l -vapor  was assumed t h e  working f l u i d .  The r e s u l t s  o f  t he  ana lys i s  by t h e  

P r o j e c t  i n d i c a t e  t h a t  t he  range o f  ene rge t i c  acc idents  can be covered by cons ide r ing  

e i t h e r  a d i r e c t  disassembly from a l o s s  o f  f l o w  o r  t r a n s i e n t  overpower acc iden t  o r  

by a subsequent r e c r i t i c a l i t y  event. The P r o j e c t  has s t a t e d  and we concur t h a t  no 

mechanism can be descr ibed which produces ramp r a t e s  beyond a few tens o f  d o l l a r s  

p e r  second. 

c a l c u l a t i o n  as a design ~ b j e c t i v e . ~  
o f  sodium vapor which i s  produced by an e n e r g e t i c  fuel-coolant i n t e r a c t i o n .  

energy a v a i l a b l e  t o  do work from t h i s  expansion down t o  a f i n a l  pressure o f  one 

atmosphere i s  150 megawatt - seconds ( o r  150 megaioules (MJ)).-* T h i s , i s  t he  

" re ference case" (F igure 15.3-2). 

analyzed two a d d i t i o n a l  acc idents  . to .evaluate t h e  des ign margin.8- These acc idents  

were character ized.by r e a c t i v i t y  ramp r a t e s  o f  $100 and $110 pe r  second, and t h e  

work was evaluated by m i s e n t r o p i c  expansion o f  t h e  f u e l  v a p o r p a t  t he  average core 

temperature. The a n a l y s i s  a l s o  considered t h e  p o t e n t i a l  for :  augmenting the  work 

w i t h  sodium which migh$- become, en t ra ined  in "  t h e  expandi';lg bubble.' The pressure- 

volume curve f o r  the. l*iO$/sec case ' i s "show i4 \n  t h e  f i g u r e .  

There', is no s i n g l e  number which can complete ly  desc r ibe  t h e  p o t e n t i a l  f o r  damage t o  

t h e  r e a c t o r  vessel frornia co re :d j s rup t i ye  acc ident .  

i s  t h e  energy from an expansion o f  t h e  work ing f l u i d  (sodium, f u e l ,  o r  both)  t o  one 

atmosphere. Since the  sodium s l u g  w i l l  impact t h e  r e a c t o r  vessel head a t  a pressure 

much h ighe r  than one atmosphere, t h i s  number i s  o f  l i t t l e  va lue i n  d e s c r i b i n g  t h e  

The t r a d i t i o n a l  method has been t o  

1 f o r  t r a n s i e n t  overpower and SAS2AZv3 f o r  l oss -o f - f l ow ;  t h e  disassembly 

W i t h i n  t h i s  context ,  t h e  P r o j e c t  has chosen t h e  r e s u l t s  o f  a SOCOOL-I1 

The energy i s  found by an i s e n t r o p i c  expansion 

The 

I n  a d d i t i o n  to, $he 150 MJ' case, t h e ' P r o j e c t  

). -.I 

1 -  , -  .-., * I I  . * I '  

A number which i s  o f t e n  used 
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PRESSURE VS. VOLUME DISASSEMBLY CAhCULATlQNS 

- 150 MWS REFERENCE CASE 

WARD $1 10/SEC 

I VOLUME IN CM3 x lo6  

FiQure 15.3-2 
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accident. A method which i s  somewhat more use fu l  i s  measuring the  work which cou ld  

be done i n  expanding t o  a volume equ iva len t  t o  t h e  p o i n t  where t h e  sodium s l u g  w i l l  

impact t h e  vessel head. Th is  method, however, s t i l l  does n o t  account f o r  t he  

e f f e c t  o f  t h e  i n i t i a l  pressure o r  t h e  pressure a t  t h e  moment o f  s l u g  impact. 

F igu re  15.3-2 shows severa l  pressure-volume curves f o r  hypo the t i ca l  core d i s r u p t i v e  

accidents. Each o f  these curves w i l l  produce d i f f e r e n t  amounts o f  deformat ion t o  

t h e  r e a c t o r  vessel when used as i n p u t  t o  computer codes such as REXCO-HEP.1° The 

va r ious  shapes o f  t he  curves i n  the  f i g u r e  r e s u l t  from t h e  d i f f e r e n t  methods used 

t o  do t h e  i s e n t r o p i c  expansion. The 150 MJ reference case uses sodium as a working 

f l u i d .  Th i s  r e s u l t s  i n  a h i g h  i n i t i a l  pressure and a f a i r l y  e f f i c i e n t  expansion. 

The WARD l lO$/sec case uses U02 as t h e  working f l u i d  b u t  t h e  expansion i s  based on 

the  average core temperature and augmented by heat t r a n s f e r  t o  t h e  en t ra ined  sodium. 

Although t h e  i n i t i a l  pressure i s  lower than t h e  reference case, t he  pressure a t  

s l u g  impact i s  much h igher .  

The curves f o r  t h e  two s t a f f  cases a re  from c a l c u l a t i o n s  us ing  c e l l  by c e l l  expansion 

o f  t h e  core a t  t h e  te rm ina t ion  o f  t h e  VENUS-I1 c a l c u l a t i o n .  Fuel vapor i s  t h e  

work ing f l u i d .  The i n i t i a l  pressure i s  determined by t h e  h ighes t  temperature i n  

t h e  core,  so i t  i s  much h ighe r  than t h e  pressure which corresponds t o  t h e  average 

temperature. However, very  few c e l l s  have these h igh  temperatures and t h e  pressure 

drops r a p i d l y  as t h e  bubble grows. 

Which o f  these curves i s  most app rop r ia te  as i n p u t  t o  a REXCO-type code depends on 

the  exact  e v o l u t i o n  o f  t h e  bubble d u r i n g  the  acc ident .  We used t h e  method o f  c e l l  

by c e l l  i s e n t r o p i c  expansion o f  t h e  f u e l  f o r  t he  C l i n c h  R ive r  Breeder Reactor” and 

consider  i t  approp r ia te  f o r  use here. 

We performed a se r ies  o f  VENUS-I1 ca1cu la t i ons ” fo r  a rep resen ta t i ve  FFTF mode 

o rde r  t o  determine the  i n i t i a l  cond i t i ons  f o r  expansions discussed above. Th 
model was for a l o s s  o f  f l o w  acc ident .  A l l  sodium was assumed t o  have b o i l e d  

o f  t h e  core r e g i o n  and a s i g n i f i c a n t  f r a c t i o n  o f  t h e  f u e l  was molten. The i n  

r e a c t i v i t y  was s e t  a t  $1.00 ( j u s t  prompt c r i t i c a l )  and t h e  i n i t i a l  power was 

i n  

S 

o u t  

t i a l  

00 

t imes t h e  nominal steady s t a t e  power o f  400 MW. Wi th  t h i s - b a s i c  model parametr ic  

c a l c u l a t i o n s  were done f o r  t h r e e  ramp ra tes .  

these c a l c u l a t i o n s .  

t h e  150 MJ re ference case o f  t h e  P r o j e c t - i s  about 80 MJ. 

between ou r  70$/sec (and 100$/secscases. 

P r o j e c t ’ s  100$/sec c r ~ l c u l a t i o n ~  i s  about 70’MJ b u t  t h e  f i n a l  pressure i s  h ighe r  and 

c a l c u l a t e d  damage t o - i m p o r t a n t  components was g rea te r .  Th i s  makes i t  approx imate ly  
t h e  same as our  100$/sec case. 

Based on our  c a l c u l a t i o n s  and our rev iew’  o f  t h e ’ P r o j e c t ’  c a l c u l a t i o n s  i t  i s  ou r  

o p i n i o n  t h a t  t h e  150 MJ re ference case p laces a reasonable bound on t h e  consequences 

Table 15.3-1 shows t h e  r e s u l t s  o f  

The energy .from expansion-up t o  t h e  s l u g  impact volume from 

Th is  i s  rough ly  midway 

The energy a t  t h e  same volume from t h e  
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TABLE 15.3-1 

FFTF V E N U S - I 1  DISASSEMBLY CALCULATIONS 

I n i t i a l  Condi t ions 

, Power = 100 Po 

AVERAGE TEMPERATURE=2711°K 

To ta l  Reactivi ty=$l.OO 

FINAL CONDITIONS 

REACT1 VITY RAMP RATE : 

TOTAL ENERGY 

ENERGY I N  MOLTEN FUEL 

PEAK TEMPERATURE 

AVERAGE TEMPERATURE 

WORK @ 1 ATMOS. 

%VAPOR @ 1 ATMOS. 
WORK @ SLUG IMPACT 

% VAPOR @ SLUG IMPACT 

WORK BASED ON AVERAGE 
TEMPERATURE @ 1 ATMOS. 

$40/SEC 

1500 M J  

1270 MJ 

5430°K 

3533OK 

48.4 MJ 

5.3% 
20.2 M J  

2.7% 

0 .0  MJ 

$70/SEC 

2133 MJ 

1850 MJ 

6023OK 

3947'K 

147 MJ 

11.6% 
56.6 MJ 

6.2% 

55 MJ 

6 TOTAL FUEL MASS=2.85 x 10 gram 

Po = 400 MW 

$1 OO/SEC 

2598 MJ 

2280 MJ 

6560'K 

4238OK 

262 MJ 

17.4% 
101 MJ 

9.8% 

116 MJ 

o f  a core d i s r u p t i v e  acc ident ,  and t h e  P r o j e c t ' s  use o f  t h e  100$/sec and l lO$/sec 
cases represents  a reasonable bas i s  f o r  t h e  assessment o f  design margin. R e a c t i v i t y  

i n s e r t i o n  r a t e s  i n  excess o f  $50-$100 pe r  second a re  judged t o  be ext remely u n l i k e l y .  

We f i n d  t h a t  a l though d i f f e r e n t  methods have been used t o  compute t h e  pressure-volume 

r e l a t i o n s h i p s  which cha rac te r i ze  these acc idents ,  t h e  P r o j e c t ' s  choices were approp r ia te  

and adequately model t he  expansion o f  t h e  core w i t h i n  t h e  known u n c e r t a i n t i e s .  

(b) S t r u c t u r a l  Response ., , 

The P r o j e c t s  s t r u c t u r a l  ana lys i s  i s  c u r r e n t l y  summarized i n  Ref. 12. 

consu l tan ts  have reviewed t h i s  r e p o r t  and compared t h e  r e s u l t s  conta ined t h e r e i n  t o  

those presented by WARD 

new analyses s u b s t a n t i a l l y  agreed and i f  t h e  l a t e s t  r e s u l t s  would a f f e c t  our  prev ious 

conclus ions rega rd ing  t h e  adequacy o f  t he  ,FFTF r e a c t o r  coo lan t  system design. 

We and our 

2 i n  1974. The o b j e c t i v e  was t o  determine i f  t h e  o l d  and 

The r e s u l t s  presented i n  Ref. 12 do n o t  d i f f e r  s i g n i f i c a n t l y  from those o r i g i n a l l y  

presented 

For many components Ref. 12 g i ves  more d e t a i l e d  r e s u l t s .  

o f  severa l  analyses performed s ince  1974 a r e  repor ted.  

8 and those presented a t  t h e  P r o j e c t - s t a f f  meetings i n  t h e  f a l l ,  o f  1974. 

I n  a d d i t i o n  the  r e s u l t s  

A 



The s t a f f  and consultzint rev iew r e s u l t e d  i n  t h e  same bas ic  conclus ions t h a t  were 

reached i n  1974 rega rd ing  t h e  adequacy o f  t he  FFTF r e a c t o r  coo lan t  system design. 

The FFTF r e a c t o r  coo lan t  system should n o t  g r o s s l y  f a i l  f o r  t h e  150 MJ t r a n s i e n t  

overpower core d i s r u p t i v e  acc ident  and f o r  t h e  350 MJ l oss -o f - f l ow  core d i s r u p t i v e  

acc ident .  Movement o f  t he  r e a c t o r  vessel and head a re  w i t h i n  a v a i l a b l e  clearances; 

t h e  opera t i ng  deck should n o t  be impacted o r  penetrated. 

a re  expected t o  remairl a t tached and m i s s i l e s  a re  n o t  expected t o  be generated. 

pr imary p i p i n g  system should remain f u n c t i o n a l  f o r  f l u i d  containment. 

The head-mounted components 

The 

The a d d i t i o n a l  components analyzed and t h e  more d e t a i l e d  r e s u l t s  repo r ted  i n  Ref. 

12 i n d i c a t e  t h a t  t he  s a f e t y  margins i n  t h e  r e a c t o r  coo lan t  system design may be 

sma l le r  t han  had been est imated i n  1974, b u t  s u f f i c i e n t .  

We and our  consul tants  a t  t he  Naval Surface Weapons Center a l s o  analyzed sodium 

leakage. 

expected t o  be e j e c t e d  d i r e c t l y  i n t o  t h e  head access compartment. 

l e a k  paths were found t o  spray sodium sideways. 

t h i s  sodium would spray i n t o  the  upper p o r t i o n  o f  t h e  head access compartment w i t h  

the  remainder forming (3 sodium pool  on t h e  f l o o r  o f  t h e  head access compartment. 

Under these c o n d i t i o n s ,  .which i nc lude  spray d e f l e c t o r s ,  sodium spray should n o t  

pose a t h r e a t  t o  t h e  containment b u i l d i n g .  

For a conservat ive case, up t o  about 1000 l b  (454 kg) o f  sodium cou ld  be 

The major p o s s i b l e  

A t  most no more than about h a l f  o f  

I n  conclus ion,  t he  FFTf' r e a c t o r  coo lan t  system i s  expected t o  remain i n t a c t  f o r  t h e  

150 MJ t r a n s i e n t  overpower core d i s r u p t i v e  acc ident  and f o r  t h e  350 MJ loss -o f - f l ow  

core d i s r u p t i v e  acc ident .  

(454 kg) i n t o  t h e  head access compartment should n o t  pose a t h r e a t  t o  the  containment 

b u i l d i n g  from r a p i d  ove rp ressu r i za t i on .  

Poss ib le  sodium leakage o f  up t o  about 1000 pounds 

15.3.5 In-Vessel Post-Accident Heat Removal 

The c a p a b i l i t y  o f  t h e  FFTF t o  con ta in  a core meltdown event in-vessel  w i t h i n  t h e  

s t e e l  dome o f  t h e  lower core support s t r u c t u r e  was e x t e n s i v e l y  addressed by t h e  

s t a f f  as p a r t  o f  i t s  rev iew i n  Supplement 2 t o  t h e  Safety  Eva lua t i on  Report, issued 

on March 7, 1975. A t  t he  t ime t h e  s t a f f  concluded t h a t  " subs tan t i a l  c a p a b i l i t y  t o  

accommodate t h e  e f f e c t s  o f  a core d i s r u p t i v e  acc iden t  and ma in ta in  t h e  i n t e g r i t y  o f  

t he  pr imary coo lan t  boundary do e x i s t "  and t h a t  " i n -vesse l  post -acc ident  heat  removal 

i s  reasonably assured f o l l o w i n g  such an event.'' However, i t  was a l s o  noted i n  

Supplement 2, as w e l l  as i n  Supplement 1 i n  which the  s t a f f  addressed t h e  i ssue  o f  

core d i s r u p t i v e  energe t i cs  among o t h e r  issues, t h a t  " the  events l ead ing  t o  and 

f o l l o w i n g  core d i s r u p t i o n  a r e  sub jec t  t o  "considerable-uncer ta in ty : "  and t h a t  " t h e  

p o s s i b i l i t y  o f  loss of'vessel '  i n t e g r i t y  cannot be+complete ly  'discounted, i f  f o r  no 

o t h e r  reason than t h e  u n c e r t a i n t i e s  i n  d e f i n i n g  t h e - f i n a l  d i s p o s i t i o n  o f  t h e  debr is . "  

These u n c e r t a i n t i e s  and recommended areas f o r  a d d i t i o n a l  s tud ies  and research and 

development a re  descr ibed i n  Sections 5 and 4 o f  Supplement 2 and 1, r e s p e c t i v e l y ,  

as w e l l  as d iscussed i n  numerous meetings w i t h  t h e  FFTS P r o j e c t  personnel and t h e  
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Advisory Committee on Reactor Safeguards. 

f o r  example, s p e c i f i c  in-vessel  post -acc ident  heat  removal concerns were discussed, 

such as (1) u n c e r t a i n t i e s  i n  the  model o f  f u e l  movement and pool  format ion mechanisms 

i n  t h e  lower dome, (2) v a l i d i t y  o f  t h e  model f o r  determing heat  t r a n s f e r  d i r e c t i o n s  

(up, down and l a t e r a l l y )  a t  t h e  FFTF vessel lower dome, (3) non-quiescent vs. 

s t r a t i f i e d  pool. heat  t r a n s f e r ,  and (4) t h e  small  sca le suppor t ing experimental 

program which i s  n o t  t r u l y  p r o t o t y p i c .  

t he  s t a f f  concluded i n  Supplement 2 t h a t  " t h e  r e s i d u a l  r i s k  which a r i s e s  from 

c e r t a i n t i e s  i n  in-vessel  post -acc ident  heat  removal makes i t  prudent t o  p rov ide  f o r  

t h e  consequences o f  t h i s  low l i k e l i h o o d  event i n  t h e  bes t  poss ib le  manner," and 

s p e c i f i c a l l y  t o  "consider  means t o  a l l e v i a t e  h igh  doses associated w i t h  vessel 

me1 t - through.  I' 

A t  t h e  March 17, 1975 Denver ACRS meeting, 

Eased on the  u n c e r t a i n t i e s  discussed above, 

The s t a f f  f u r t h e r  advised t h a t  "emergency p lann ing  should be i n i t i a t e d  f o r  t h e  FFTF 

pursuant  t o  10 CFR P a r t  50, Appendix E , "  and t h a t  " the  t ime  t o  mel t - through o r  

a l t e r n a t i v e  measures cou ld  have considerable impact on t h e  con ten t  o f  emergency 

plans.' '  

bes t  method f o r  reducing t h e  r a d i o l o g i c a l  consequences o f  a mel t - through c o n s i s t e n t  
w i t h  app rop r ia te  emergency p lans.  

p o t e n t i a l l y  h i g h  r a d i o l o g i c a l  doses c u r r e n t l y  computed f o r  a mel t - through o r  a l t e r n a -  

t i v e s  t o  increased delay t ime  should be examined by RRD's c o n t r a c t o r s  such as 

i n c l u d i n g  scrubbers, f i l t e r s  and i o d i n e  t r a p s  i n  the  b u i l d i n g  exhaust system. 

Poss ib l y  a combination o f  improved delay t ime  and i n c l u s i o n  o f  some o f  these may be 

approp r ia te  t o  c o n t r o l  t h e  rad io1  ogi  c a l  re1  eases. 'I 

F i n a l l y ,  t h e  s t a f f  advised t h a t  "RRD's c o n t r a c t o r s  should determine t h e  

More r e f  i ned c a l c u l a t i o n s  may reduce t h e  

Since t h e  s t a f f ' s  eva lua t i on  o f  t h e  adeqltacy o f  in-vessel  post -acc ident  heat  removal 

i n  Supplement 2, t h e  P r o j e c t  has n o t  p rov ided  any subs tan t i ve  i n f o r m a t i o n  which 

would make t h e  s t a f f  change i t s  prev ious p o s i t i o n  as r e f l e c t e d  above. Emergency 

p lann ing  procedures have been implemented a t  t h e  FFTF and t h e  r a d i o l o g i c a l  consequences 

a re  addressed i n  Sec t i on  15.3.7 o f  t h i s  r e p o r t .  

15.3.6 Containment Response t o  a Core Meltdown Event 

1. I n t r o d u c t i o n  

Th is  s e c t i o n  prov ides an assessment o f  containment margins a v a i l a b l e  i n  t h e  

FFTF t o  m i t i g a t e  t h e  consequences o f  a p o s t u l a t e d  f a i l u r e  o f  in-vessel  post -  

acc iden t  heat  removal f o l l o w i n g  a hypo the t i ca l  c o r e - d i s r u p t i v e  acc ident .  

Fo l l ow ing  f a i l u r e  o f  i n -vesse l  pos t -acc iden t  heat  removal, t h e  P r o j e c t  r e l i e s  

on t h e  i nhe ren t  r e t e n t i o n  c a p a b i l i t y  o f  t h e  FFTF r e a c t o r  containment b u i l d i n g  

t o  s a f e l y  c o n t a i n  a p o s t u l a t e d  core meltdown event. 

i n  Ref. 1, t-he P r o j e c t  mainta ins t h a t  t h e  containment would remain i n t a c t  and 

e f f e c t i v e  f o r  l ong  pe r iods  so t h a t  t h e  r a d i o l o g i c a l  doses f o l l o w i n g  containment 

Based on analyses repo r ted  
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f a i l u r e  would be below 10 CFR P a r t  100 g u i d e l i n e  values. 

P r o j e c t ' s  ana lys i s  i n d i c a t e s  a g r e a t  deal o f  concern about t h e  bas i s  and 

j u s t i f i c a t i o n  o f  assumptions, ana lys i s  methods, and conclus ions r e l a t e d  t o  the  

adequacy o f  FFTF containment margins, e s p e c i a l l y  as they  a f f e c t  t h e  r a d i o l o g i c a l  

consequences o f  a core mel t - through event. The P r o j e c t ' s  approach invo lves  

p r e d i c t i o n s  o f  complex m a t e r i a l  i n t e r a c t i o n s  and s t r u c t u r a l  behavior  o f  s t e e l  

and concrete containment s t r u c t u r e s  under very severe thermal cond i t i ons .  Our 

rev iew f i n d s  t l i a t  t he re  are p r e s e n t l y  l a r g e  u n c e r t a i n t i e s  associated w i t h  

these evaluat ions.  Fo l l ow ing  r e a c t o r  vessel and guard vessel mel t - through,  

t h e  eva lua t i ons  o f  t he  meltdown scenario and t h e  r e s u l t a n t  r a d i o l o g i c a l  doses 

a re  h i g h l y  dependent on some key assumptions made i n  t h e  P r o j e c t ' s  ana lys i s ,  

such as t h e  fragmentation, s e l f - l e v e l i n g  and c o o l a b i l i t y  o f  t h e  mol ten f u e l /  

s t e e l  m i x t u r e  e n t e r i n g  t h e  reac to r  c a v i t y ,  t h e  p o t e n t i a l  f a i l u r e  and t h e  

e x t e n t  o f  f a i l u r e  o f  t he  r e a c t o r  c a v i t y  l i n e r ,  and t h e  subsequent sodium and 

core m a t e r i a l  p e n e t r a t i o n  i n t o  t h e  exposed r e a c t o r  c a v i t y  f l o o r  concrete. 

t h e  P r o j e c t ' s  ainalysis, f o r  example, a sodium-concrete p e n e t r a t i o n  r a t e  o f  

one-hal f  i n c h  pe r  hour was used f o r  f o u r  hours, whereas experimental evidence 

e x i s t s  f rom bo th  HEDL 

Our rev iew o f  t he  

I n  

2 and the  r e c e n t l y  performed l a r g e  sca le  t e s t s  a t  Sandia,3' 

which i n d i c a t e  t h a t  t h i s  r a t e  cou ld  be h ighe r ,  perhaps i n  t h e  range o f  one 

t o  t h r e e  inches pe r  hour even w i t h o u t  t h e  i n f l u e n c e  o f  mol ten f u e l  and s t e e l .  

Other key assumptions a re  t h e  r a t e s  and q u a n t i t i e s  o f  gas and water vapor 

generated from the  i n t e r a c t i o n  process, t h e  n a t u r a l  recombinat ion o f  hydrogen 

i n  t h e  presence o f  a i r  and sodium, and whether t h e  ven t ing  system behind t h e  

r e a c t o r  c a v i t y  s tee l  l i n e r  i s  e f f e c t i v e  i n  removing water vapor and p reven t ing  

r e a c t i o n  w i t h  sodium t h a t  has s p i l l e d  onto t h e  r e a c t o r  c a v i t y  f l o o r .  

P r o j e c t ' s  c a l c u l a t i o n s ,  as w e l l  as those performed by t h e  s t a f f ,  show t h a t  

t reatment  o f  these parameters i s  c r u c i a l  t o  t h e  c a l c u l a t e d  impact on t h e  

containment s t r i i c t u r e  i n  terms o f  exceeding t h e  containment pressure and 

temperature l im- i t s ,  breaching the  containment b u i l d i n g  basemat, and exceeding 

t h e  lower l i m i t  hydrogen concen t ra t i on  f o r  an exp los i ve  m ix tu re  w i t h  a i r  (4% 

was se lec ted  as t h e  l i m i t  and i s  regarded as s u f f i c i e n t l y  lower  than  t h e  

concen t ra t i on  of exp los i ve  m ix tu res  w i t h  a i r ) .  

The 

2. Summary o f  P r o j e c t  Resul ts  

I n  Ref. 1, t h e  P r o j e c t  p o s t u l a t e d  two general c o n f i g u r a t i o n s  r e s u l t i n g  from 

f a i l u r e  o f  in-vessel  pos t -acc iden t  heat  removal. The f i r s t  which i s  termed 

" in-vessel "  assumes a complete l o s s  o f  heat  sink,subsequent t o  a hypo the t i ca l  

core d isrupt i ,ve acc ident .  

i n s i d e  t h e  vessel and t h a t  t h e  decay heat i s  t r a n s f e r r e d  t o  t h e  s tagnant  

in-vessel  sodium. The in-vessel  c o n f i g u r a t i o n  represents  a s i t u a t i o n  where 

t h e  core d e b r i s  remains coo lab le  w i t h i n  t h e  r e a c t o r  vessel, b u t  where heat  

d i s s i p a t i o n  through t h e  main heat  t r a n s p o r t  loops has been l o s t  by c o r e  

d i s r u p t i v e  acc iden t  r e l a t e d  s t r u c t u r a l  damage. The second c o n f i g u r a t i o n  which 

i s  termed "ex-ve!;sel" assumes t h a t  t h e  core d e b r i s  has mel ted through t h e  

It i s  a l s o  assumed t h a t  t h e  co re  d e b r i s  remains 
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reactor and guard vessels and, along with the reactor vessel sodium inventory, 
comes to rest on the floor of the reactor cavity. 
the Project assumes that the,core debris remains coolable and in a 
particularized form within the sodium pool, so that all the decay heat would 
be transferred directly to the sodium. 
figuration will be referred to as the "coolable debris bed" configuration. 

For both configurations, 

Hereinafter this core debris con- 

The Project has considered a range of conditions for both in-vessel and ex-vessel 
configurations. 
vent and purge of containment, reactor cavity liner failure, structural failures 
(collapse of reactor cavity floor and failure o f  the reactor support ledge), 
hydrogen-oxygen recombination. and engineered systems (reactor containment 
building coolers and exhaust filtration). 
determined that the containment would need to be vented to preserve its integrity 
in the range o f  82 to 123 hours depending on whether the reactor containment 
building pressure was relieved either by venting at 10 psig (design pressure) 
o r  by structural failure at 20 psig (assumed structural failure point). For 
the ex-vessel cases, the results indicate that containment would have to be 
vented in the range of 42 to 229 hours because of exceeding either the 10 psig 
reactor containment building design pressure limit or a 4 percent reactor 
containment building hydrogen concentration limit. If the pressure i s  allowed 
to increase to 20 psig (i.e., twice the design pressure) and relieved at that 
time due to structural failure, the Project's ex-vessel results indicate that 
blowdown would occur at about 960 hours. 
for the above range o f  containment atmosphere relief times, the Project concludes 
that the calculated site-boundary doses are below the guideline values of 
10 CFR Part: 100, even without the addition of engineered systems, such as 
reactor containment building coolers and exhaust filtration. 

The conditions which were assessed include the effects of 

For the in-vessel cases, the Project 

Based on radiological evaluations 

3. Summary of Staff Analysis Methods 

We have performed a series of analyses, with the use of the CACECO code,5 of 
the transient pressure and temperature response of the FFTF containment building 
following a hypothetical core melt-event and failure of in-vessel post-accident 
heat removal capability (i.e., loss of main heat transport loops to dissipate 
core debris decay heat). The purpose of these studies was to assess the time 
to challenge containment from either excessive hydrogen (H2) concentration< or 
excessive contai'nment pressure and/or temperature and' to evaluate the radio1 ogical 
release at the site boundary following a core disruptive accident for up to 
thirty days using the containment lea& rate and venting in parallel to control 
H2 concentration or pressure whichever is limiting. 
both in-vessel and ex-vessel core melt configurations. 

' 

We have also analyzed 
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For the  ex-vessel cases, we and our  consu l tan ts  performed analyses assuming 

t h e  core debri:; t o  be e i t h e r  i n  a coo lab le  p a r t i c u l a t e  d e b r i s  bed form (as 

assumed by t h e  P r o j e c t )  or i n  a mol ten pool  form. We f e l t  i t  necessary t o  

analyze t h e  l a t t e r  c o n f i g u r a t i o n  because t h e  assumption made by t h e  P ro jec t ,  

t h a t  f o l l o w i n g  mel t - through of t h e  r e a c t o r  and guard vessels t h e  mol ten f u e l /  

s t e e l  m ix tu re  w i l l  immediately fragment, s e l f - l e v e l ,  and a t t a i n  a coo lab le  

debr is-bed con f igu ra t i on ,  i s  n o t  f u l l y  subs tan t i a ted  by experimental data. 

The P r o j e c t ' s  assumptions on coo lab le  d e b r i s  bed fo rma t ion  a re  based on very 

l i m i t e d  experimental data,6 obta ined w i t h  small  q u a n t i t i e s  o f  mol ten m a t e r i a l s  

(< 2 kg). 
t o  demonstrate the  v a l i d i t y  o f  t h e  P r o j e c t ' s  assumptions, we considered i t  

prudent  t o  a l s o  analyze t h e  containment response and p e n e t r a t i o n  i n t o  t h e  

r e a c t o r  c a v i t y  f l o o r  assuming t h a t  t he  core debr i s  remains i n  a mol ten pool  
form. 

I n  t h e  absence o f  experimental da ta  o f  a s u f f i c i e n t l y  l a r g e  scale 

We and our consul tants  d i d  n o t  a t tempt  t o  con f i rm  a l l  o f  t h e  P r o j e c t ' s  containment 

margins cases presented i n  Ref. 1. 

assumptions made by the  P r o j e c t  which appear t o  most s t r o n g l y  i n f l u e n c e  t h e  

subsequent acc ident  scenario. Once an area o f  concern was establ ished,  i t s  

impact on t h e  subsequent acc ident  progress ion was determined by s e n s i t i v i t y  

s tud ies.  

a re  presented i n  the  f o l l o w i n g  subsections, and i n  Appendix F and Ref. 7, a 

summary o f  t h e  p r i n c i p a l  parameters which were found t o  s i g n i f i c a n t l y  i n f l u e n c e  

t h e  containment t r a n s i e n t  response t o  a meltdown event a re  prov ided below: 

Our o b j e c t i v e  was r a t h e r  t o  i d e n t i f y  those 

Although the  detai1.s o f  our containment margins s e n s i t i v i t y  eva lua t i ons  

(1) The in-vessel  cases have revealed considerable s e n s i t i v i t y  t o :  

(a) t ype  and s i z e  o f  t he  f l o w  pa th  t h a t  i s  assumed t o  e x i s t  between t h e  

r e a c t o r  vessel and t h e  containment b u i l d i n g ;  

(b) t he  q u a n t i t y  of sodium t h a t  i s  e j e c t e d  from t h e  r e a c t o r  vessel 

d u r i n g  t h e  core d i s r u p t i v e  phase o f  t h e  acc ident ;  and 

whether the re  i s  an a d d i t i o n a l  ven t  pafh from t h e  r e a c t o r  c a v i t y  t o  

the  r e a c t o r  vessel besides t h e  r e a c t o r  vessel to,containment b u i l d i n g  

vent  (a one-way f l o w  va l ve  which 'prevents  oxygen from e n t e r i n g  t h e  

r e a c t o r  c a v i t y  from t h e  containment b u i l d i n g  and r e a c t i n g  w i t h  

sodium was found t o  s i g n i f i c a n t l y  ame l io ra te  th i ;  s i t u a t i o n ) .  

(c)  

I 

i -  

(2) The ex-vessel cases have revealed considerable s e n s i t i v i t y  to: 
I 

(a) whether o r  n o t  t h e  r e a c t o r  c a v i t y  s t e e l  l i n e r ' f a i l s ;  
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(b) t he  r a t e  and e x t e n t  o f  sodium-concrete p e n e t r a t i o n  ( i f  the  l i n e r  

f a i l s ) ;  

(c) co l l apse  t ime  o f  r e a c t o r  c a v i t y  f l o o r  (when co l l apse  occurs sodium 

comes i n t o  con tac t  w i t h  t h e  un l i ned  concrete w a l l s  o f  t he  subcavi ty  

(see F igure 15.3-3) r e s u l t i n g  i n  a severe containment t r a n s i e n t ) ;  

(d) sodium v a p o r i z a t i o n  t ime (those parameters which most s t r o n g l y  

a f f e c t  sodium v a p o r i z a t i o n  i nc lude  t h e  pool  s i ze ,  d i s p o s i t i o n  o f  

decay heat, and t h e  chemical r e a c t i o n s  which r e s u l t  from the  con tac t  

o f  sodium and concrete) ;  and 

e) t r a n s p o r t  o f  sodium vapor from t h e  r e a c t o r  c a v i t y  t o  t h e  upper 

containment b u i l d i n g  ( t h e  parameters which i n f l u e n c e  sodium vapor 

t r a n s p o r t  a re  t h e  vent  s i z e  and vent  design op t i ons ,  such as " rup tu re  

d i sks "  and one-way f l o w  valves; however, t h e  P r o j e c t ' s  containment 

margins eva lua t i ons  a re  based on non-mechanistic ven t ing  o r  l e a k i n g  

from t h e  r e a c t o r  vessel through seals  i n  t h e  r e a c t o r  head t o  t h e  
upper containment bui lding;. 

For  b o t h  t h e  i n -vesse l  and ex-vessel scenarios, t h e  combustion o f  sodium 

vapor i n  t h e  containment b u i l d i n g  i s  t h e  l a r g e s t  c o n t r i b u t o r  t o  t h e  t r a n s i e n t .  

Therefore, those parameters which f a c i l i t a t e  sodium v a p o r i z a t i o n  and t r a n s p o r t  

from t h e  r e a c t o r  vessel t o  the  containment b u i l d i n g  are the  c o n t r o l l i n g  

f a c t o r s  i n  t h e  acc iden t  sequence. 

4. Summary o f  S t a f f  In-Vessel Evaluat ions 

The in-vessel  scenar io  begins w i t h  the  assumption t h a t ,  f o l l o w i n g  t h e  

hypo the t i ca l  core d i s r u p t i v e  acc iden t  t h e  core d e b r i s  i s  d i s t r i b u t e d  i n  t h e  

r e a c t o r  vessel as p a r t i c u l a t e  beds i n  t h e  same c o n f i g u r a t i o n  as t h a t  g i ven  i n  

HEDL's  coo lab le  in-vessel  post -acc ident  heat  removal assessment.8 The f u r t h e r  

assumption o f  no coo lan t  c i r c u l a t i o n  i n  t h e  heat  t r a n s p o r t  system loops 

a l l ows  t h e  vessel sodium t o  heat up and b o i l  o u t  o f  t h e  vessel i n t o  the  

r e a c t o r  containment b u i l d i n g .  

vessel, t h e  fue l  d e b r i s  i s  assumed t o  conso l i da te  and m e l t  through t h e  r e a c t o r  

and guard vessels. 

o f  t h e  r e a c t o r  c a v i t y .  

6 inches of  r e i n f o r c e d  concrete remain, a t  which p o i n t  t he  f l o o r  i s  assumed 

t o  co l lapse.  The mol ten poo l  i s  then re leased i n t o  t h e  subcavi ty  where i t  

cont inues spreading h o r i z o n t a l l y  and v e r t i c a l l y  u n t i l  heat  d i s s i p a t i o n  and 

heat  generat ion a r e  balanced. 

A f t e r  t h e  sodium i s  b o i l e d  ou t  o f  t h e  r e a c t o r  

The m ix tu re  o f  f ue l  and s t e e l  t hen  f a l l s  onto t h e  f l o o r  

The m ix tu re  me l t s  i n t o  t h e  concrete f l o o r  u n t i l  on l y  

A summary of t h e  s t a f f ' s  and i t s  c o n s u l t a n t ' s  in-vessel  containment margin 

c a l c u l a t i o n s  i s  presented i n  Table 15.3-2. Th is  t a b l e  presents  t h e  r e s u l t s  
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for the times to reach either the containment design pressure (10 psig) or the 
lower limit hydrogen concentration (4%). 
vented to m-.intain its integrity depending on which of these limits is reached 
first. Results are also presented for the containment building steel shell 
temperature which would determine whether the containment maintains its structural 
and leaktight integrity. The containment building steel shell should be able 
to maintain structural integrity at temperatures up to about 60OoF. 
containment seal penetrations are designed to maintain their leaktight integrity 
for 100 hours at 25OoF. 
have to be vented before either of these limits is reached. Parameters which 

The containment would have to be 

The 

Generally, it was found that the containment would 

were considered in these evaluations include: size o f  the vent passage from 
the reactor vessel to the reactor containment building, rupture disc vs. 
continuous blowdown from the reactor cavity to the reactor containment building, 
two-way vs. one-way flow from the reactor cavity to the reactor containment 
building, additional vent path from the reactor cavity to the reactor vessel 
(normally the vent path for in-vessel cases is from the reactor vessel to the 
reactor containment building; however, if the omega seals should fail, an 
additi'onal vent path would be created), the amount o f  sodium ejected from the 
reactor vessel, and liner intact or failure. A more complete descriptian of 
these cases is presented in Ref. 7. 

Comparison between these results and those presented in Ref. 1 indicates 
reasonable agreement where the input parameters were the same. 
Case 654 of Ref. 1 indicates that 10 psig is reached in 82 hours, whereas the 
equivalent staff case (36 in.' vent area and no sodium ejection) shows that 
10 psig is reached in 72 hours. 
FFTF containment vent times for in-vessel core melt scenarios range from 9 to 
80 hours. Some of the cases presented in Table 15.3-2 are considered to 
represent upper bound or worst case conditions, such as the 42 percent sodium 

2 ejected case coupled with a total failed liner floor area (830 ft. ). Considering 
the relatively benign energetics of a core disruptive accident in the FFTF, we 
believe that the vent flow area should be less than 30 in.2 (reactor head seal 
area), and the amount of sodium ejected should be less than 21 percent. 
Considering. the uncertainty and the sensitivity of the in-vessel results to 
the other parameters, our best judgment at this time leads us to conclude that 
between 50 and 80 hours would be available before the FFTF containment would 
have to be vented before exceeding either the 10 psig containment design 
pressure or the 4 percent hydrogen concentration limits. 

For example, 

As is evident from Table 15.3-2, the required 

. 

5. 'Summary of Staff Ex-Vessel Evaluations 

In the ex-vessel configuration, the reactor vessel and guard vessel are assumed 
to have been breached in three hours so that the entire sodium inventory, 
together with the entire active core, reside on the reactor cavity floor 
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TABLE 15.3-2  

SUMMARY OF IN-VESSEL CASES 

REACTOR VESSEL TO RCB VENT REACTOR PERCENT REACTOR TIME FOR TIME TO RCB SHELL 

SIZS ACTIVATION. TO VESSEL EJECTION LINER 1 0  PSIG H I N  RCB 10  PSIG 
( I N  ) (PSIO) .- - FLOW VENT FROM VESSEL CONDITION (HOURS) (6OURS) (OF) REMARKS 

TEMP. AT RCB TO REACH REACH 4% CAVITY SODIUM CAVITY 

3 6  ' 5  . TW0:WAY . .  NO 0 INTACT 72 - 
3 6  1 5  TWO-WAY- NO 21 INTACT 65 

EFFECT OF 
SODIUM 
EJECTION, SEE 
FIGURES 2 .5  

cnc 8C J V J  

7 4  490 

3 6  1 5  TWO-WAY I '  NO 42 INTACT 4 9  5 8  4 9 4  THROUGH 2 . 7 ,  R e f .  7 - 
A EFFECT OF 
I LINER cn 
P 
U FAILURE, SEE 

FlGURES 2 .8  
36  1 5  TWO-WAY YES 42 FA1 LED 9 1 3  195  THROUGH 2.10, R e f .  7 

3 6  0 INTACT 72  80 5 0 5  EFFECT OF 
VESSEL TO 

AREA, SEE FIGURES 2 . 2  
THROUGH 2.4,  R e f .  7 

1 1 3  0 INTACT 36  48 205 RCB FLOW 

36  CONTINUOUUS TWO-WAY . YES 21 INTACT 35 25 3 8 0  EFFECT OF 
VESSEL TO 
RCB FLOW 
MODEL, SEE 

Re f .  7 
36  1 5  TWO-WAY YES 21 INTACT 39  4 9  4 4 4  FIGURE 2.12, 

1 



(refer to Figure 15.3-3). 
hour melt-through time is addressed in Ref. 7. 
configurations were studied with regard to the ex-vessel cases. 
assumed that the core debris remained coolable and in a particulate debris bed 
form within the sodium pool, so that all the decay heat would be transferred 
directly to the sodium. 
floor for cases where the protective steel liner is assumed to fail. 
fuel/steel mixture is assumed not to interact with the reactor cavity cell 
concrete until all of the sodium has boiled off. In the second configuration, 
the debris was assumed to be molten and to occupy a layer between the reactor 
cavity floor below and the sooium pool above. 
the molten pool caused a melting attack on the concrete floor after penetrating 
the cavity floor steel liner. 
the associated reaction products and generated energy were calculated by the 
INTER code and were supplied to the CACECO codes as functional input. 

The sensitivity of the results to the assumed three 
Two separate physical 

The first 

In this configuration, only sodium attacks the concrete 
The 

In the second configuration, 

lhe melt front penetration attack together with 

9 

A summary of our ex-vessel containment margin calculations are presented in 
Tables 15.3-3 through 15.3-6. Results are presented for the times to reach 
either the containment design pressure (10 psig) o r  the 4 percent hydrogen 
concentration limit; it is assumed that the containment would have to be 
vented to preserve its integrity at either of these times depending on which 
is limiting. Some cases are also presented where H2 is assumed to recombine 
with O2 existing in the containment building provided the criteria presented 
in Ref. 10 are satisfied. The small-scale studies reported in Ref. 10 have 
identified various combinations of conditions under which hydrogen recombina- 
tion was found to occup. Whether their criteria can be extrapolated to the 
large volume and possibly stratified conditions in the reactor containment 
building has not been established. As indicated by the analyses presented in 
Appendix F,  incorporation of the H2 recombination does not have a significant 
effect on the pressure transient. 
removed from every three moles of reactants, the heat of reaction is rather 
high and hence the pressure transient may be more severe when H2 recombination 
is considered. 
recombination to be minimal (see Ref. 1 ,  Cases 654 and 656). 

Although one mole of gas is effectively 

The FFTF Project contractors also found the effects of 

5. (a) Ex-Vessel Coolable Debris Bed Results 

Table 15.3-3 presents results assuming the formation of a coolable debris 
bed on the lower floor of the reactor cavity. 
fail over 346 ft which represents the floor area directly under the 
guard vessel. Penetration into the concrete floor is by sodium-concrete 
reaction. Because of the uncertainty in the sodium-concrete penetration 
rate and duration, as discussed in Appendix C and Ref. 11, parameteric 
calculations were performed to examine the sensitivity of the ex-vessel 

The liner is assumed to 
2 ~ 
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TABLE 15.3-3 

SUMMARY OF EX-VESSEL COOLABLE DEBRIS BED CASES 

Time T 
Time Time RCB Max. RCB Max 
- 10 p s i g  Id2 Con. = 4% A t m .  Temp. Occurred 

Case hours) (hours) ( O F )  (hours) Remarks - 

1 Pmax = 9 p s i g  13 2531 26 (I), (41, (5) 
a t  16 hrs .  

(11, (41, ( 5 )  2 16 13 1474 26 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

16 

22 

2a 

40 

76 

i a  

25 

44 

45 

a0 

J l O O  

20 

14 

14 

15 

15 

16 

22 

27 

40 

42 

45 

1443 

1395 

1312 

1187 

448 

1302 

1197 

1082 

733 

252 

150 

26 

3a 

50 

75 

100 

30 

44 

60 

75 

100 

75 

( 1 )  Cases 1 through 7 have H20 vented d i r e c t l y  t o  r e a c t o r  c a v i t y .  

(3), (5) 
,I 

P = 2"/hr 

P = 1.5" /hr  

P = l .O" /hr  

P = 0.5" /hr  

I, 

11 

II 

(21, (5) 

P = 2" /hr  

P = 1.5" /hr  

P = l .O" /h r  

P = 0.5"/hr 

(7) 

Cases 8 through 13 have H20 vented t o  HKV coo le r  room. 

Case 3 i s  w i t h  H2 recombination; a l l  o the r  cases had no H2 recombination. 

Cases 2 through 12 d id  n o t  a l l o w  RCB v e n t i n g  o r  purg ing;  
pu rg ing  f o r  H 

Case 1 a l lowed RCB ven t ing  and 

2' 
11 

Cases 1 through 3 and'8 based on P = 3 in /h r .  

br = sodium-concrete p e n e t r a t i o n  r a t e  (continuous). 

Va r iab le  sodium-concrete p e n e t r a t i o n  as proposed by t h e  FFTF P r o j e c t  Contractor  (see 
Appendix C, Equation 3). 

area between the  guard ve*jsel support s k i r t .  

. . +  

A l l  cases assume a l i n e r  f a i l u r e  area o f  346 f t  2 which i s  t he  reac to r  c a v i t y  f l o o r  
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containment margin results. In addition, the path that the water vapor 
(associated with the submerged concrete) takes is uncertain; therefore, 
cases -re presented where the vapor is assumed to be either vented directly 
into the reactor cavity where it reacts with the spilled sodium to produce 
Hg, or is vented through the cavity vent pipes to the heating and ventilating 
cooler room, which is in direct communication with the upper containment 
building atmosphere. 
the 4 percent hydrogen limit is not sensitive to the sodium-concrete 
penetration rate if the vapor is vented directly to the reactor cavity. 
However, if the water vapor is vented to the heating and ventilating 
cooler room, the time to reach the 4 percent hydrogen limit is sensitive 
to the sodium-concrete penetration rate. 
reach the 10 psig containment design pressure, these results are shown to 
be sensitive to the sodium-concrete penetration rate, irrespective of 
what path the water vapor takes. 
results were found for the case where the sodium concrete penetration 
rate and the water vapor path were the same (i.e., 1/2 inch per hour for 
4 hours and water vapor vented to the heating and ventilation cooler 
room). A more complete description of these evaluations is presented in 
Appendix F .  

As is evident from the results, the time to reach 

With respect to the time to 

Good agreement between staff and Project 

To investigate the importance of the reactor cavity steel liner, Table 
15.3-4 presents results for cases where either the liner was assumed to 
remain intact, or part of the cavity floor liner was assumed to fail, 
thereby resulting in a sodium-concrete reaction. 
cases where liner failure is assumed, the containment transient is 
significantly more severe. 
reactions and the sodium-water reaction dominate in the event that liner 
failure occurs. Results are also presented in Table 15.3-4 for the times 
to reach 20 psig (assumed reactor containment building structural failure 
point). 
two for the liner intact case and less than this for the failed liner 
cases. 

As is evident, for 

The energies associated with the sodium-concrete 

As is evident, the containment margins increase by a factor of 

For the liner intact case, the Project predicted it would take 229 hours 
for the containment building to reach 10 psig, while our results indicate 
about 80 hours (see Table 15.3-4) would be required. 
appears to be based on whether o r  not sodium boils. 
predicting that sodium will not boil, while we are predicting sodium will 
reach saturation temperature in about 24 hours. Apparently, in the 
Project's case sodium never boils because an assumption is made that 
temperature equilibrium exists between the sodium and reactor cavity 
atmosphere. 
high structural heat sink in the gas space. Our results, which include 
modeling the non-equilibrium conditions between the sodium pool and the 

This discrepancy 
The Project is 

This temperature equilibrium assumption creates a fictiously 

15-50 



gas space, show t h a t  t h e  s t r u c t u r e s  i n  t h e  gas space p rov ide  l e s s  of a 

he,at s i n k  because o f  t h e  lower  gas ' temperatures i n  t h i s  reg ion.  We 

consider  t h e  P r o j e c t ' s  i n t a c t  l i n e r  r e s u l t s  t o  be o v e r l y  o p t i m i s t i c .  

TABLE 15.3-4 

SUMMARY 'OF THE EFFECT OF LINER FAILURE FOR 
EX-VESSEL COOLABLE DEBRIS BED CASES* 

Time f o r  RCB 

t o  Reach 10 p s i g  Reactor Cav i t y  L i n e r  F a i l u r e  

Area (ft2) (Hours) 

0.0 ( L i n e r  I n t a c t )  

300. 

600. 

900. 

80 

16 

12 

7 

Time f o r  RCB 

t o  Reach 20 p s i g  

(Hours) 

160. 

18 

15 

12 

*Vent s i z e  = 36 i n 2  and vent  a c t i v a t i o n  a t  30 p s i d ;  f o r  t h e  r e a c t o r  c a v i t y  

l i n e r  f a i l u r e  cases, t h e  sodium-concrete p e n e t r a t i o n  r a t e  i s  assumed t o  

be 3.0 i n /h r .  

5. (b) Mol ten Pool Mel t -Front  Analys is  

I n  a d d i t i o n  t o ,  ex-vessel cases assuming fo rma t ion  o f  coo lab le  d e b r i s  

beds, containment margin eva lua t i ons  were made f o r  t he  FFTF assuming t h e  

core d e b r i s  forms a mol ten pooi  on t h e  lower r e a c t o r  c a v i t y  concrete 

f l o o r .  The assumption o f  a mol ten pool  c o n f i g u r a t i o n  i m p l i e s  t h a t  t he re  
w i l l  be an e a r l y  m e l t i n g  a t t a c k  on t h e  concrete d u r i n g  hea t ing  and 

v a p o r i z a t i o n  o f  t h e  sodium. The consequences o f  an e a r l y  m e l t i n g  a t t a c k  

may impact i n  the  f o l l o w i n g  ways: 

(1) E a r l y  p e n e t r a t i o n  o f  t h e  f u e l / s t e e l  pool  i n t o  t h e  concrete o f  t he  

r e a c t o r  c a v i t y  f l o o r ,  r e s u l t i n g  i n  f l o o r  co l l apse  and re lease  o f  t h e  

core d e b r i s  and sodium i n t o  the  un l i ned  subcavi ty .  

(2) More seveie containment pressure-temperature t r a n i i e n t s  due t o  t h e  

a;es release: from' t h e  m e l t  f r o n t  p e n e t r a t i o n  and from 

. .  r e a c t o r  i a v i t y  f l o o r .  
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The CACECO code does n o t  i nc lude  a m e l t  f r o n t  p e n e t r a t i o n  model SO t h a t  

i s  was necessary t o  use codes developed t o  analyze melt/concrete i n t e r -  

ac t i ons  i n  con junc t i on  w i t h  CACECO t o  p r e d i c t  t he  containment response. 

Various i n i t i a l  mol ten pool  c o n f i g u r a t i o n s  were assumed, and e x i s t i n g  

m e l t  f r o n t  p e n e t r a t i o n  codes (GROWS,’2 and INTER ) were used t o  analyze 

the  i n t e r a c t i o n  o f  t h e  f u e l h t e e l  m ix tu re  w i t h  the  concrete f l o o r .  

Accord ing ly ,  a n a l y s i s  o f  core d e b r i s  c o n f i g u r a t i o n  was c a r r i e d  o u t  i n  

two stages; namely, a m e l t  f r o n t  ana lys i s  and a containment response 

ana lys i s .  

9 

The consequences o f  e a r l y  mol ten fue l / conc re te  i n t e r a c t i o n s  d u r i n g  

hea t ing  o f  t h e  o v e r l y i n g  sodium pool  have been i d e n t i f i e d  as p o s s i b l e  

e a r l y  c a v i t y  f l o o r  co l l apse  o r  more severe containment response due t o  

the a d d i t i o n a l  gases re leased from t h e  decomposing concrete. The GROWS 

code b a s i c a l l y  models o n l y  poo’l growth, and i t  was t h e r e f o r e  used as a 

comparison aga ins t  more s o p h i s t i c a t e d  INTER code, which considers gas 

re lease from t h e  concrete, as w e l l  as o x i d a t i o n  processes. The 

c a l c u l a t i o n s  c a r r i e d  o u t  w i t h  GROWS were, t he re fo re ,  r e s t r i c t e d  t o  
mol ten pool  p e n e t r a t i o n  i n t o  t h e  r e a c t o r  c a v i t y  f l o o r .  The more d e t a i l e d  

INTER c a l c u l a t i o n s  were used t o  p r e d i c t  b o t h  p e n e t r a t i o n  i n t o  t h e  r e a c t o r  

c a v i t y  f l o o r  and, a f t e r  f l o o r  co l l apse ,  t h e  subsequent p e n e t r a t i o n  i n t o  

t h e  subcavi ty  concrete. 

decomposing concrete, as determined by INTER, were used as i n p u t  t o  

CACECO t o  p r e d i c t  t h e  containment response. 

bo th  o f  these models a re  i n  t h e  e a r l y  stages o f  development w i t h  respec t  

t o  p r e d i c t i n g  t h e  e x t e n t  o f  p e n e t r a t i o n  o f  core d e b r i s  i n t o  concrete. 

However, t h e  models a r e  s u f f i c i e n t l y  w e l l  developed t o  p rov ide  a use fu l  

t o o l  i n  pe r fo rm ing  s e n s i t i v i t y  analyses t o  exp lo re  t h e  importance of 

va r ious  parameters, and i t  i s  i n  p r e c i s e l y  t h i s  manner t h a t  these codes 

were used by us and our  consu l tan ts .  

I n  a d d i t i o n ,  gas and energy re leases from t h e  

It should be s t ressed t h a t  

The d e t a i l s  o f  our  m e l t  f r o n t  p e n e t r a t i o n  ana lys i s  i s  presented i n  Ref. 

7. 
i n  some o f  t he  core meltdown phenomena, t h e  m e l t  f r o n t  ana lys i s  was 

c a r r i e d  o u t  i n  a parametr ic  f ash ion  w i t h  t h e  use o f  t h e  GROWS and INTER 

Only a summary w i l l  be presented here. Because o f  t h e  u n c e r t a i n t i e s  

computer codes. 

determin ing t h e  r a t e  and e x t e n t  o f  mol ten core debr i s  p e n e t r a t i o n  i n t o  

concrete a re  upward/downward heat  s p l i t ,  e x t e n t  o f  spreading o f  t h e  m e l t  

ove r  t h e  lower  c a v i t y  concrete f l o o r ,  ox ide /me ta l l i c  phase mass r a t i o  

and r e l a t i v e  p o s i t i o n ,  and t h e  i n t e r f a c i a l  heat  t r a n s f e r  c o e f f i c i e n t s  

( i .e . ,  metal t o  concrete and ox ide  t o  concrete). 

a summary o f  t h e  r e s u l t s  f o r  t h e  t ime  t o  pene t ra te  30 inches o f  t h e  

r e a c t o r  c a v i t y  f l o o r  (assumed f a i l u r e  p o i n t )  as p r e d i c t e d  by t h e  GROWS 

and INTER codes. These c a l c u l a t i o n s  a re  f o r  a 50/50 pe rcen t  heat  s p l i t  

f o r  t h e  amount o f  decay heat  t h a t  goes i n t o  hea t ing  up o v e r l y i n g  sodium 

Key parameters which a re  found t o  be impor tan t  i n  

Table 15.3-5 presents  

Q 
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versus t h a t  f r a c t i o n  which goes downward t o  hea t ing  up t h e  under l y ing  

concrete. Based on Ref. 13, i t  i s  f e l t  t h a t  t h i s  i s  a reasonable 

assumption f o r  core mel t -concrete i n t e r a c t i o n s .  As i s  ev iden t  from 

Table 15.3-5, t h e  t ime  t o  pene t ra te  the  c a v i t y  f l o o r  i s  very  s e n s i t i v e  

t o  the  e x t e n t  t o  which the  m e l t  spreads over the  c a v i t y  f l o o r .  

cons ider  i t  reasonable t o  assume t h a t  t h e  m e l t  would spread over a t  

l e a s t  50 pe rcen t  o f  t h e  area o f  t h e  c a v i t y  f l o o r  d i r e c t l y  between the  

guard vessel suppor t  s k i r t .  

We 

Accord ing ly ,  t he  GROWS code and t h e  INTER code r e s u l t s  i n d i c a t e  t h a t  

p e n e t r a t i o n  o f  t he  c a v i t y  f l o o r  would occur i n  about 30 t o  50 hours 

r e s p e c t i v e l y .  

c a v i t y  and subcavi ty  concrete were needed as i n p u t  t o  t h e  CACECO code t o  

a l l o w  t h e i r  impact on t h e  containment response t o  be evaluated. 

should be emphasized based on imput o f  t he  q u a n t i t y  and associated 

energy o f  t h e  generated gases from m e l t  f r o n t  p e n e t r a t i o n  i n t o  the  

containment response eva lua t i ons  t h a t  t he  gases re leased from the  me l t  

f r o n t  had a minor e f f e c t  on the  o v e r a l l  containment p r e s s u r i z a t i o n  when 

compared w i t h  f a i l u r e  o f  t h e  c a v i t y  f l o o r  and t h e  impact o f  t he  r e s u l t i n g  

i n t e r a c t i o n  o f  sodium w i t h  the  un l i ned  subcavi ty  concrete. Therefore, 

t h e  t ime  t o  pene t ra te  t h e  c a v i t y  f l o o r  i s  c l o s e l y  coupled t o  the  t ime a t  

which c o n t a i n  ment must e i t h e r  be vented o r  f a i l .  

The gases generated d u r i n g  p e n e t r a t i o n  o f  t h e  r e a c t o r  

I t  

Appendix 0 presents  t h e  s t a f f  assessment o f  t h e  s t a t e  o f  technology r e l a t e d  

t o  experimental i n v e s t i g a t i o n s  o f  molten fue l / s tee l - conc re te  i n t e r a c t i o n s .  

TABLE '15.3-5 

COMPARISON OF INTER AND GROWS CODE PREDICTIONS FOR 
MOLTEN POOL PENETRATION INTO REACTOR C A V I T Y  CONCRETE 

FLOOR (ASSUMING a = 0.5 

FRACTION OF CONDITIONS AT 85. cm (30 I N . )  VERTICAL PENETRATION 
FLOOR I N S I D E  
SKIRT INITIALLY, DIAMETER MASS CONCRETE 

CODE OCCUPIED BY TIME ' POOL DECOMPOSED 
USED POOL: (HOURS) (CM) (x 103 KG) 

INTER 0.04 15 ' -  401 37 ' 

GROWS 0.05 7. 315 ' 21 
< .. I _  

INTER 0.5 52 762 107 . 
. (  ; 

GROWS 0.5 I 1 3;. 640 75 

INTER 1.0 68 988 127 

GROWS 1.0 64 * *838 - 127 

a X F r a c t i o n  o f  decay heat  t r a n s f e r r e d  t o  sodium 

NOTE: INTER r e s u l t s  a re  based on t h e  o r i g i n a l  i n t e r f a c i a l  heat  t r a n s f e r  c o e f f i c i e n t s  g i ven  
i n  Ref. 9. GROWS p r e d i c t i o n s  a re  based on equal r a d i a l  and downward heat  f l uxes .  
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5.. (c)  Ex-Vessel Molten Pool Resul ts  

The containment response t o  severa l  ex-vessel core m e l t  scenarios were 

evaluated assuming the  core debr is  t o  be i n  a molten pool  form. These 

c a l c u l a t i o n s  were,performed by coup l ing  the  INTER and CACECO codes. The 

gas generat ion r e s u l t i n g  from decomposed concrete,  as p r e d i c t e d  f r o m  

INTER, was i n p u t  t o  CACECO t o  determine t h i s  e f f e c t  on the  containment 

t r a n s i e n t .  As p r e v i o u s l y  mentioned, the  e f f e c t  o f  the  gas a d d i t i o n  from 

the  decomposed concrete on the  containment t r a n s i e n t  was minimal. 

i s  due p r i m a r i l y  t o  the  low C02 content  o f  decomposed b a s a l t i c  type  FFTF 
concrete. 

This  

Due t o  the  ex is tence o f  an u n l i n e d  subcavi ty  s i t u a t e d  below the  r e a c t o r  

c a v i t y  i n  t h e  FFTF, i t  was necessary t o  approach the  problem i n  two 

stages. 

the  r e a c t o r  c a v i t y .  

c a v i t y  would f a i l  when the  m e l t  f r o n t  a r r i v e d  w i t h i n  6 inches o f  the  

subcav i ty  (30 inches i n t o  the  c a v i t y  f l o o r  mat). Th is  c r i t e r i o n  was 
used t o  determine ( f r o m  the  appropr ia te  INTER computer code runs)  the  

p o i n t  a t  which t h e  f i r s t  stage te rmina ted  and the  second stage began. 
The second stage cons is ted  o f  a m e l t i n g  a t t a c k  o f  t h e  molten pool  on the  

subcav i ty  f l o o r  together  w i t h  a sodium chemical a t t a c k  on the  v e r t i c a l  

concrete w a l l s  o f  the  subcavi ty .  

The f i r s t  stage c o n s i s t e d . o f  a m e l t i n g  a t t a c h  on the  f l o o r  o f  

The assumption was made t h a t  the  f l o o r  o f  the  

A parametr ic  s tudy was performed by assuming var ious f r a c t i o n s  o f  the  

t o t a l  decay heat  t o  be t r a n s m i t t e d  downward i n  the  m e l t i n g  a t tack .  

p r e v i o u s l y  discussed case o f  an i n t a c t  l i n e r  was taken as the  zero-down- 

ward-heat- f lux case ( i . e . ,  a l l  o f  the  decay heat  goes d i r e c t l y  i n t o  

heat ing  up t h e  sodium). I n  a d d i t i o n ,  two cases, one assuming 50 percent  

downward heat  t r a n s f e r  and the  o t h e r  assuming 100 percent  downward heat  

t r a n s f e r ,  were run. 

INTER code which c a l c u l a t e d  t h e  m e l t  f r o n t  progress ion,  the  gas generat ion,  

and t h e  secondary upward heat t r a n s p o r t  ( v i a  the  e j e c t e d  gases). 

determined t h a t  the  gases generated from t h e  decomposing concrete a re  

independent o f  t h e  growth p a t t e r n  and dependent o n l y  on the  upward/ 

downward heat s p l i t .  Theiefore,  t h e  gas generat ion r a t e  p r e d i c t e d  by 

INTER cou ld  be r e l a t e d  t o  a s i m p l i f i e d  vers ion  o f  the  GROWS code. I n  

the  case where 100 percent  o f  t h e  heat  was d i r e c t e d  downward, t h e  c a v i t y  

fJoor 'was penetrated w i t h i n  13 hours, and f o r  the  50 percent  case, i t  

was penet ra ted  i n  32 hours; f o r  bo th  o f  these cases, the  core m e l t  

d e b r i s  was assumed t o  be spread over 50 percent  o f  t h e  f l o o r  area d i r e c t l y  

betweentthe guard vessel suppor t  s k i r t ,  and the  r e s u l t s  a re  based on the  

GROWS code assuming t h a t  t h e  r a d i a l  and downward heat f l u x e s  are  equal. 

The 

The appropr ia te  heat  s p l i t  was s p e c i f i e d  t o  t h e  

It was 
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A summary o f  the  ex-vessel containment response r e s u l t s  i s  presented i n  

Table 15.3-6. The impor tant  i n p u t  parameters are again inc luded together  

w i t h  the  t imes r e q u i r e d  t o  reach the  r e a c t o r  containment b u i l d i n g  l i m i t s .  

The f i r s t  two cases shown i n  Table 15.3-6 assume, a f t e r  mel t - through,  

t h a t  the  molten f u e l / s t e e l  m ix tu re  fragments i n  the  r e a c t o r  c a v i t y  and 

fo rms a s e l f - l e v e l i n g ,  sodium-flooded, coo lab le  debr is  bed. The f i r s t  

case assumes the  l i n e r  t o  remain i n t a c t ,  whereas t h e  second case assumes 

the  l i n e r  t o  f a i l  over an area o f  346 f t  . F o r  the  coo lab le  debr is  bed, 

i n t a c t  l i n e r  case, a bes t  est imate o f  the  t ime-to-sodium b o i l i n g  i s  24 

hours, r e s u l t i n g  i n  the  r e a c t o r  containment b u i l d i n g  reaching i t s  des ign 

pressure i n  80 hours. For the  f a i l e d  l i n e r  case, the  containment pressure 

l i m i t  o f  10 p s i g  i s  reached i n  45 hours f o r  an e f f e c t i v e  sodium-concrete 

p e n e t r a t i o n  r a t e  o f  1 i n /h r  (see Appendix C ) .  The nex t  two cases shown 

i n  Table 15.3-6 are inc luded f o r  completeness. The purpose o f  a n a l i z i n g  

these cases was p r i m a r i l y  t o  i l l u s t r a t e  the  e f f e c t  o f  vary ing  the  d i f -  

f e r e n t i a l  pressure (blowout c r i t e r i o n )  necessary t o  actuate communication 

between the  r e a c t o r  c a v i t y  and the  r e a c t o r  containment b u i l d i n g .  

r e s u l t s  i n d i c a t e  t h a t  the  t imes t o  reach the  r e a c t o r  containment b u i l d i n g  

pressure and H2 l i m i t s  are r e l a t i v e l y  independent o f  the  blowout c r i t e r i o n .  

The h igher  the  d i f f e r e n t i a l  pressure be fore  t h e  blowout, t h e  more severe 

i s  the  pressure t r a n s i e n t  i n  the  r e a c t o r  containment b u i l d i n g  a t  blowout; 

however, the  longer- term e f f e c t  i s  apparent ly  minimal. The l a s t  two 

cases shown i n  Table 15.3-6 assume the  core debr is  t o  remain i n  a mol ten 

pool form a f t e r  mel t - through.  The molten pool /concrete i n t e r a c t i o n s  

wer t  analyzed us ing  the  GROWS code. which p r e d i c t e d  f a i l u r e  o f  the  

r e a c t o r  c a v i t y  f l o o r  a f t e r  32 hours i f  50 percent  o f  the  decay heat  i s  

assumed t o  be t r a n s f e r r e d  t o  the  sodium (a = 0.5) and a f t e r  13 hours i f  

t h e r e  i s  n e g l i g i b l e  heat t r a n s f e r  t o  the  sodium (a = 0). 

ra tes  were based on an i n i t i a l  pool  geometry where the  m e l t  was spread 

It should be noted t h a t  f o r  t h e  two molten pool c o n f i g u r a t i o n s  considered, 

the  r e a c t o r  containment b u i l d i n g  hydrogen concent ra t ion  l i m i t  was reached 

be fore  the  pressure l i m i t .  
o f  water re leased from the  decomposing cocre te  i n  the  r e a c t o r  c a v i t y .  

Apparently, the  r a p i d i t y  w i t h  which the  c a v i t y  f l o o r  mat i s  penetrated 

i n  t h e  most s i g n i f i c a n t  c o n s i d e r a t i o n  i n  t h e  contaiment t r a n s i e n t .  Th is  

i s  due t o  the  overwhelming e f f e c t  o f  the  sodium-concrete r e a c t i o n  on the  

sodium heat ing  and v a p o r i z a t i o n  ra tes .  

i s  penetrated,  sodium i s  a l h w e d  t o  contac t  the  bare concrete i n  t h e  

subcavi ty  r e s u l t i n g  i n  an a c c e l e r a t i o n  o f  t h e  sodium heat ing  ra te .  

g rea ter  the  downward heat  f l u x  t h e  sooner w i l l  t h i s  penetratiop-occur 

and the  sooner w i l l  the  sodium-concrete r e a c t i o n  come i n t o  p lay .  The 

t imes a t  which the  contaiment pressure reaches 10 p s i g  f o r  the  0 percent  

2 

The 

These p e n e t r a t i o n  

over 50 percent  of t h e  f loor  area i n s i d e  the  guard vessel support s k i r t .  

Th is  i s  due p r i m a r i l y  t o  t h e  l a r g e  q u a n t i t y  

When t h e  c a v i t y  f l o o r  concrete 

The 
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TABLE 15.3-6 

SUMMARY OF EX-VESSEL CASES 

REACTOR VESSEL TO RCB VENT FRACTION OF MOLTEN POOL TIME FOR TIME TO RCB SHELL 
DECAY HEAT REACTOR PENETRATION RCB TO REACH TEMPERATURE 
TRANSFERRED CAVITY OF CAVITY REACH 

S I Z E  ACTIVATION TO SODIUM LINER FLOOR 10 P S I G  R C 6  PRESSURE 
AT RCB 4% H I N  

(INCHES) (PSID)  (a) CONDITION (HOURS) (HOURS) (HOURS) LIMIT (OF) REMARKS 

EFFECT OF 36 30 1.0 INTACT COOLABLE 80 80 308 

36 0 1.0 FAILED BED 45 40 190 LINER, SEE 
DEBRIS F A 1  LED 

FIGURES 3.9 
THROUGH 3.11, Ref. 7 

(346 f t  ) 

36 . 15 
A 

I 36 m 
VI 
01 

0 

1.0 INTACT COOLABLE 65 53 
DEBRIS 

1.0 INTACT BED 65 53 

294 EFFECT OF 
CAVITY TO 
RCB .VENT 294 
ACTIVATION, SEE 
FIGURES 3.12 
THROUGH 3.14 Ref. 7 

36 30 

36 30 

0.5 MELT 32 40. 9. 

0.0 ATTACK 13 
CONCRETE* 

25 3 

300 EFFECT OF 
POOL HEAT 

170 TRANSFER, SEE 
FIGURES 3.15 
THROUGH 3.17, Ref. 7 

j t  

M e l t  assumed t o  spread over 50% o f  t h e  r e a c t o r  c a v i t y  f l o o r  between the  guard vessel support s k i r t .  

I 
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down, 50 pe rcen t  down and 100 pe rcen t  cases were 80, 40, and 25 hours, 

r e s p e c t i v e l y .  It was found t h a t  i t  takes about 10 hours a f t e r  t h e  

r e a c t o r  c a v i t y  f l o o r  i s  penetrated f o r  t h e  containment pressure t o  

reach 10 ps ig.  

6 .  S t a f f  Summary o f  FFTF Containment Margins 

I n  comparing t h e  ex-vessel and in-vessel  containment margin r e s u l t s ,  t he  

ex-vessel acc iden t  cond i t i ons  are u s u a l l y  more severe o r  l i m i t i n g .  Therefore, 
t h e  r a d i o l o g i c a l  consequences and conclus ions on t h e  adequacy o f  FFTF con ta in -  

ment margins w i l l  be based on the  ex-vessel core me l t  scenarios. 

The ex-vessel FFTF containment margins evaluat ions discussed b r i e f l y  above 

and repo r ted  i n  more d e t a i l  i n  Appendix F and R e f .  7 a re  considered t o  envelop 

t h e  range of outcomes of poss ib le  core me l t  scenarios. 

cases a re  considered t o  represent  upper and lower bound est imates.  

i n t o  account t h e  u n c e r t a i n t i e s  t h a t  e x i s t  i n  ex-vessel core m e l t  scenarios 

i n v o l v i n g  e i t h e r  coo lab le  deb r i s  beds coupled w i t h  sodium-concrete i n t e r a c t i o n s  

(see Appendix C),  o r  i n t e r a c t i o n s  between molten f u e l / s t e e l  and concrete (see 

Appendix D),  and by s e l e c t i n g  reasonable parameters and assumptions f o r  t h e  

p r e v i o u s l y  descr ibed cases, a summary o f  our conclus ions o f  FFTF containment 

margins i s  presented i n  Table 15.3-7. 

hours should be a v a i l a b l e  i n  the  FFTF be fo re  containment would have t o  be 

vented t o  p reven t  f a i l u r e  by ove rp ressu r i za t i on .  

f a i l u r e  by a hydrogen explos ion,  steps would have t o  be taken t o  decrease t h e  

H2 concen t ra t i on  (such as pu rg ing  w i t h  an i n e r t  gas) i n  about 15 t o  45 hours 

p rov ided  t h e  core d e b r i s  e x i s t s  i n  a coo lab le  deb r i s  bed c o n f i g u r a t i o n  where 

o n l y  sodium i s  a t t a c k i n g  the  r e a c t o r  c a v i t y  f l o o r  concrete. 

i nc ludes  cons ide ra t i on  o f  t he  u n c e r t a i n t y  assoc iated w i t h  t h e  p a t h  ( i . e . ,  
e i t h e r  t o  hea t ing  and v e n t i l a t i o n  c o o l e r  room o r  t o  r e a c t o r  c a v i t y )  which t h e  

water  vapor (assoc iated w i t h  the  submerged concrete) takes,  as discussed 

above under subsect ion 5(a) and dep ic ted  i n  Table 15.3-3. I f  t h e  core d e b r i s  

e x i s t s  i n  a mol ten pool  c o n f i g u r a t i o n  so t h a t  t h e  concrete i s  be ing decomposed 

by a m e l t - f r o n t  a t tack ,  t h e  p roduc t i on  o f  H2 i s  g r e a t e r  than f o r  t he  coo lab le  

d e b r i s  bed c o n f i g u r a t i o n .  For t h e  mol ten pool  c o n f i g u r a t i o n ,  we concluded 

t h a t  steps would have t o  be taken t o  decrease t h e  H p  concen t ra t i on  i n  t h e  

t i m e  i t e r v a l  o f  10 t o  20 hours t o  p rec lude  a hydrogen'explosion. 

l o g i c a l  consequences o f  hav ing t o  'vent containment i n  t h e  above t ime  

i n t e r v a l s  a re  discussed i n  t h e  f o l l o w i n g  sect ion.  

C l e a r l y ,  some o f  t h e  

By t a k i n g  

We conclude t h a t  between 30 t o  60 

To prevent  containment 

Th is  t ime  i n t e r v a l  

The rad io -  

The Commission i s  suppor t i ng  a con f i rma to ry  research program di+ected toward 

understanding t h e  m a t e r i a l s  i n t e r a c t i o n  phenomena associated w i t h  sodium-concrete 

r e a c t i o n s  and i n t e r a c t i o n s  between mol ten f u e l / s t e e l  and concrete. I n  t h e  near 

fu tu re ,  b o t h  small  and l a r g e  sca le  t e s t s  w i l l  be performed u t i l i z i n g  t h e  FFTF 

types of concrete, namely b a s a l t  and magneti te. Fo l l ow ing  t h e  performance o f  

these t e s t s ,  we w i l l  reconsider  our  p o s i t i o n  i n  regard t o  t h e  p e n e t r a t i o n  r a t e  o f  
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sodium and/or molten f u e l / s t e e l  i n t o  the  FFTF r e a c t o r  c a v i t y  concrete and assess 

i t s  impact on the  r e s u l t i n g  containment margins. 

d e f i n e  a need f o r  augmenting containment margins by p r o v i d i n g  a d d i t i o n a l  p r o t e c t i v e  

p r o v i s i o n s ,  the FFTF containment c o u l d  be b a c k f i t t e d  t o  p rov ide  such p r o v i s i o n s .  

Should f u r t h e r  experimental work 

TABLE 15.3-7 

FFTF CONTAINMENT MARGINS SUMMARY 

TIME INTERVAL 

T6 PRECLUDE H2 

TIME INTERVAL TO DECREASE RCB 
TO VENT RCB H CONCENTRATION 

TO PRECLUDE OVER 
PRESSURIZATION EXPLOSION CORE DEBRIS 

CONFIGURATION (Hrs) (Hrs) 

1. Coolable Debr is  Bed 30 t o  60 15 t o  45 

2. Molten Pool 30 t o  60 10 t o  20 

15.3.7 Rad io log ica l  Consequences o f  Core D i s r u p t i v e  Accidents 

The r a d i o l o g i c a l  consequences o f  energet ic  core d i s r u p t i v e  acc idents  were c a l c u l a t e d  

i n  our prev ious Safe ty  Evauation Report and i t s  supplements. 

present  des ign fea tures ,  phys ics,  and acc ident  c a l c u l a t i o n s ,  i t  has been concluded 

t h a t  c a l c u l a t e d  energet ics  f r o m  core d i s r u p t i v e  acc idents  a re  w i t h i n  t h e  c a p a b i l i t y  

o f  t h e  containment system. 

damaged from these core d i s r u p t i v e  acc idents  w i l l  be s u f f i c i e n t  t o  prevent  the  

f a i l u r e  o f  the  pr imary  coo lan t  boundary o r  m e l t i n g  o f  the  vessel. 

i s  the  mechanism f i n a l l y  r e l i e d  upon t o  p rov ide  decay heat  removal. 

c a l c u l a t i o n s  suppor t ing  the  na tu ra l  convect ion mechanism have been extens ive,  

t h e r e  remains a degree o f  u n c e r t a i n t y  about the  r e l i a b i l i t y  of t h i s  mechanism, and 

t h e r e  i s  no apparent way t o  complete ly  reso lve  t h i s  u n c e r t a i n t y .  Accord ing ly ,  the  

p o s s i b l e  consequences o f  a meltdown acc ident  i n  which in -vesse l  c o o l i n g  was assumed 

t o  be i n s u f f i c i e n t  t o  p revent  the  f a i l u r e  o f  the  bottom o f  the  r e a c t o r  vessel have 

a l s o  been considered. I n  the  l a t e r  stages o f  t h i s  acc ident ,  v e n t i n g  o r  purg ing  of 

t h e  containment b u i l d i n g  may be necessary t o  preserve i t s  i n t e g r i t y  as a s t r u c t u r e .  

I n  view o f  the  

It i s  expected t h a t  in -vesse l  c o o l i n g  o f  the  core 

Natura l  convect ion 

Although t h e  

The FFTF des ign has some c a p a b i l i t y  f o r  ven t ing  and purg ing,  b u t  the  c a p a b i l i t y  

should be reviewed b y ' t h e  P r o j e c t  t o  determine i f  i t  i s  s u i t a b l e  f o r  the  ex-vessel 

core m e l t  acc ident  cond i t ions .  Ins t rumenta t ion  i s  a v a i l a b l e  t o  the  operators  on 

t h e  need f o r  such' a c t i o n  should t h i s  low p r o b a b i l i t y  s i t u a t i o n  occur. (However, 

see i t e m  (9) i n  Sec t ion  7.6 o f  t h i s  r e p o r t  on t h e  d e s i r a b i l i t y  o f  upgrading t h i s  

ins t rumenta t ion  t o  safety-grade.)  

The previ!ous sec t ions  have reviewed t h e  evidence l e a d i n g  t o  t h e  conclus ion t h a t  

e a r l y  c a t a s t r o p h i c  f a i l u r e  o f  t h e  containment i s  an u n l i k e l y  outcome o f  these low 

p r o b a b i l i t y  acc idents .  Th is  s e c t i o n - w i l l  focus on the  r a d i o l o g i c a l  consequences 

o f  ven t ing  o r  purg ing  measures r e q u i r e d  assuming $hat  vessel mel t - through occurs. 
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I n i t i a l  scoping c a l c u l a t i o n s  o f  t h e  consequences o f  ven t ing  o f  t h e  containment 

b u i l d i n g  assumed an instantaneous p u f f  re lease  o f  t h e  e n t i r e  i n v e n t o r y  o f  rad io -  

a c t i v e  suspended aerosol e x i s t i n g  a t  t h a t  moment i n  t h e  b u i l d i n g .  Th is  was t h e  

bas i s  f o r  e a r l i e r  est imates t h a t ,  i f  v e n t i n g  took  p lace  be fo re  about 60 t o  100 

hours a f t e r  an acc ident ,  s i g n i f i c a n t  r a d i o l o g i c a l  consequences cou ld  r e s u l t  (us ing  

t h e  dose gu ide l i nes  i n  10 CFR P a r t  100 as a gu ide l i ne ) .  

Present c a l c u l a t i o n s  have examined t h e  e f f e c t  o f  a more gradual v e n t i n g  o r  pu rg ing  
process t h a t  can take  advantage o f  simultaneous f a l l o u t  o f  p a r t  o f  t h e  r a d i o a c t i v e  

aerosol w i t h i n  the  b u i l d i n g .  Th is  has l e d  t o  lower dose est imates than t h e  prev ious 

p u f f  re leases.  The reason f o r  t h i s  i s  r e l a t e d  t o  t h e  r e l a t i v e  r a t e s  o f  d e c l i n e  o f  

t h e  i n v e n t o r y  o f  r a d i o a c t i v e  aerosol due t o  f a l l o u t  and due t o  vent ing.  

a t  r a t e s  s u f f i c i e n t  t o  c o n t r o l  the hydrogen concen t ra t i on  o r  t o  prevent  excessive 

pressure bu i l dup  invo lves  t h e  continuous re lease  o f  t h e  containment b u i l d i n g  

atmosphere a t  a t y p i c a l  r a t e  corresponding t o  400% per  day. 

m a t e r i a l  from t h e  dense c loud  f o l l o w i n g  a v i o l e n t  sodium f i r e  i s  c a l c u l a t e d  t o  

correspond t o  2000% t o  4000% per  day, and i s  t h e  predominant mechanism f o r  reducing 

the  r a d i o a c t i v e  con ten t  suspended i n  the containment when t h e  vent  r a t e s  a re  i n  

the  400% per  day range. I n  our  judgment, a reasonably conservat ive c a l c u l a t i o n  o f  

t h e  r a d i o l o g i c a l  e f f e c t s  o f  ven t i ng  o r  pu rg ing  would model t h e  v e n t i n g  a t  400% per  

day a t  t h e  t ime  when t h e  i n v e n t o r y  o f  r a d i o a c t i v e  aerosol  i s  a t  i t s  maximum, s ince 

i t  i s  c lose  t o  t h i s  t ime  t h a t  t h e  pressure o r  hydrogen concen t ra t i on  would r e q u i r e  

t h a t  some c o r r e c t i v e  measures be taken. Under t h i s  modeling, f a l l o u t  w i l l  reduce 

the  r a d i o l o g i c a l  consequences below those o f  t h e  e a r l y  p u f f  re leases modeled 

p rev ious l y .  

Vent ing 

The f a l l o u t  o f  aerosol  

The r a d i o l o g i c a l  e f f e c t s  o f  meltdown acc idents  have been est imated from a se r ies  

o f  CACEC0,l HAARM 3 

s t a f f .  Guided by t h e  re lease  f r a c t i o n s  i n  t h e  RBactor Sa fe ty  Study, WASH-1400, 
and us ing  mechanis t ic  assumptions where j u s t i f i a b l e ,  we have made t h e  c a l c u l a t i o n s  
somewhat r e a l i s t i c ,  a l though s t i l l  on t h e  conservat ive side. CACECO c a l c u l a t e s  

t h e  pressure, temperatures, and atmospheric composit ion i n  va r ious  compartments o f  

t h e  r e a c t o r  b u i l d i n g  based upon assumed r e a c t i o n  r a t e s  between sodium and concrete 

and o t h e r  chemical reac t i ons  among the  b a s i c  r e a c t o r  m a t e r i a l s  and t h e i r  products. 

HAARM 3 c a l c u l a t e s  t h e  behavior  (agglomeration and f a l l o u t )  o f  aerosols  i n  t h e  

r e a c t o r  containment b u i l d i n g .  

m ix tu re  o f  oxides o f  sodium. 

var ious c lasses o f  f i s s i o n  products ,  t h e  aerosol  behavior  descr ibed by HAARM 3 can 

p r e d i c t  t h e  behavior  o f  r a d i o a c t i v e  species suspended w i t h  t h e  aerosol. 

uses ORIGEN 

toge the r  w i t h  f a l l o u t  r a t e s  generated by HAARM 3 ,  t o  p r e d i c t  t h e  ac tua l  re lease o f  

r a d i o a c t i v e  species t o  t h e  environment. TACT 4 a l s o  uses meteoro log ica l  data and 

dose convers ion f a c t o r s  t o  determine t h e  ac tua l  doses a t  t h e  s i t e  boundary, low 

popu la t i on  zone, o r  beyond, w i t h  no c r e d i t  f o r  f a l l o u t  o r  decay ou ts ide  t h e  con ta in -  

ment b u i l d i n g .  

2 3 and TACT 4 c a l c u l a t i o n s  performed independently by t h e  

The p r i n c i p a l  component o f  these aerosols  i s  a 

Wi th reasonable assumptions about t h e  behavior  o f  

TACT 4 
4 generated f i s s i o n  product  i n v e n t o r i e s  and o t h e r  a c t i v a t i o n  i nven to r ies ,  

I n  t h i s  connection. i t  should be noted t h a t  recen t  experimental 
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t e s t s  o f  bu rn ing  sodium i n  a i r  i n d i c a t e  more than 90% o f  t he  m a t e r i a l  was deposi ted 

w i t h i n  100 meters o f  t h e  source.5 

q u a n t i t a t i v e l y  t o  the  FFTF s i t u a t i o n ,  they suggest a f a l l o u t  f a c t o r  o f  s i g n i f i c a n t  

magnitude. 

Although these r e s u l t s  should n o t  be app l i ed  

The CACECO s tud ies  have been based upon scenarios t h a t  begin w i t h  a r e a c t o r  excurs ion 

and meltdown. 

m a t e r i a l s  escape i n  an upward p a t h  through the  head seals  t o  t h e  reac to r  containment 

b u i l d i n g  a t  the t ime o f  t he  excursion. 

and core m a t e r i a l s  generat ing i n tense  decay heat f a l l  t o  t h e  bottom o f  t h e  vessel. 

The in-vessel  c o o l a b i l i t y  o f  t h i s  bed o f  core debr i s  i s  unce r ta in ,  b u t  i t  i s  

reasonable t o  assume t h a t  t h e  decay heat r e s u l t s  i n  f a i l u r e  o f  t h e  vessels a f t e r  

about th ree  hours. 

f a l l s  t o  t h e  f l o o r  of t h e  r e a c t o r  c a v i t y .  Th is  c a v i t y  i s  s t e e l - l i n e d  and f i l l e d  

w i t h  an i n e r t  atmosphere. 

be s u f f i c i e n t  t o  f a i l  t h e - s t e e l  l i n e r s  over  a s u b s t a n t i a l  area, exposing t h e  

under l y ing  concrete t o  sodium and core ma te r ia l s .  

The energet ics  o f  t h e  excurs ion a re  such t h a t  l i t t l e  o r  no core 

The core geometry i s  destroyed, however, 

The e n t i r e  i nven to ry  o f  pr imary sodium and core debr i s  then 

The core d e b r i s  decay heat  o r  thermal shock cou ld  then 

A se r ies  o f  r e a c t i o n s  then commences between t h e  sodium, t h e  concrete and t h e  

var ious c e l l  and b u i l d i n g  atmospheres. 

l a t i o n  o f  t h e  energy and m a t e r i a l  balances among t h e  c e l l s .  

re leased a re  s u f f i c i e n t  t o  open a pathway i n  a s h o r t  t ime  t o  t h e  r e a c t o r  contaiment 

b u i l d i n g ,  a l l o w i n g  sodium vapors t h a t  escape from the  c a v i t y  t o  be o x i d i z e d  i n  t h e  

a i r  atmosphere i n  t o  air-suspended p a r t i c u l a t e s  (aerosols)  o f  oxides o f  sodium. 

Water re leased from t h e  concrete reac ts  w i t h  sodium and sodium oxides t o  form 

hydrogen and sodium hydroxide. 

r e s u l t s  i n  a s i g n i f i c a n t  b u t  manageable bu i l dup  o f  pressure and hydrogen con- 

c e n t r a t i o n  i n  t h e  r e a c t o r  containment b u i l d i n g .  I n  these r a d i o l o g i c a l  s tud ies ,  

which a re  in tended t o  be r e a l i s t i c ,  i t  i s  regarded t h a t  pressures i n  t h e  range o f  

10 t o  20 p s i g ,  o r  hydrogen concentrat ions beyond t h e  range o f  4 t o  6 volume percent ,  

would represent  a ser ious chal lenge t o  containment. 

proceeds f a r  enough t o  cause t h e  36-inch t h i c k  f l o o r  o f  t h e  r e a c t o r  c a v i t y  t o  

f a i l ,  t h e  sodium and core d e b r i s  then en te r  t h e  u n l i n e d  subcavi ty .  

concrete sur face a v a i l a b l e  f o r  r e a c t i o n  i s  so g r e a t  t h a t  t h e  r a t e  o f  r e a c t i o n s  

increases markedly, and t h e  containment b u i l d i n g  pressure o r  hydrogen concentra- 

t i o n  may increase r a p i d l y  t o  t h e  p o i n t  t h a t  t h e  containment may f a i l  by over- 

pressure (unless t h e  containment i s  vented). 

hydrogen may c o n t r o l  i t s e l f  t empora r i l y  through t h e  slow r e a c t i o n  o f  hydrogen w i t h  

oxygen i n  t h e  presence o f  sodium, b u t  t h i s  i s  n o t  c e r t a i n  enough y e t  t o  be r e l i e d  

upon. 

The h e a r t  o f  t h e  CACECO code i s  i t s  ca lcu-  

The energy and gases 

The p e n e t r a t i o n  o f  sodium i n t o  t h e  concrete thus 

I f  t h e  sodium p e n e t r a t i o n  

Here t h e  

Data i n d i c a t e  t h a t  t h e  b u i l d u p  o f  

C lea r l y ,  t he  a b i l i t y  t o  ma in ta in  containment i n t e g r i t y  f o r  a s i g n i f i c a n t  l e n g t h  o f  

t ime under such a sencar io  w i l l  be dependent upon t h e  r a t e  o f  r e a c t i o n  between 

sodium and concrete. 

o f  one-hal f  i n l h  pe r  hour, as observed i n  some t e s t s  a t  HEDL, the  containment 

would n o t  be chal lenged f o r  a t  l e a s t  45 hours. 

The CACECO c a l c u l a t i o n s  i n d i c a t e  t h a t  a t  p e n e t r a t i o n  r a t e s  

I f  the  p e n e t r a t i o n  r a t e  i s  t h ree  

A 
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7 inches per  hour, as observed i n  some Sandia t e s t s 6  and i n  the  F-1 t e s t  a t  HEDL, 

the  containment b u i l d i n g  would be threatened e i t h e r  by the  bu i l dup  o f  pressure o r  

hydrogen concen t ra t i on  i n  10 t o  30 hours. 

The CACECO c a l c u l a t i o n s  f o r  t he  r a d i o l o g i c a l  est imates discussed below used a 

concrete p e n e t r a t i o n  r a t e  o f  one i n c h  pe r  hour. 

now a v a i l a b l e  from Sandia and HEDL, t h a t  a p e n e t r a t i o n  r a t e  o f  sodium i n t o  concrete 

averaging one i n c h  pe r  hour would be a conservat ive va lue from among t h e  spectrum 

o f  exper imen ta l l y  measured ra tes .  

We be l i eve ,  i n  view o f  t he  data 

The CACECO c a l c u l a t i o n s  f u r n i s h  a r a t e  o f  b o i l - o f f  o f  sodium from the  pool  as a 

r e s u l t  o f  t he  decay heat  and the  heat  o f  t h e  va r ious  chemical reac t i ons .  A sub- 

s t a n t i a l  p a r t  o f  t h e  vapor b o i l e d  o f f  i s  in t roduced i n t o  the  r e a c t o r  containment 

b u i l d i n g  where i t  becomes an o x i d i z e d  aerosol whose behavior  can be c a l c u l a t e d  by 

HAARM 3. A t  t he  r a t e  o f  b o i l - o f f  corresponding t o  t h e  1 i n c h  pe r  hour r e a c t i o n  

r a t e ,  approx imate ly  7% o f  t h e  sodium 0001 i s  b o i l e d  o f f  i n  40 hours, a t  a f a i r l y  

un i fo rm r a t e  o f  130 gm per  second. The p roduc t i on  o f  aerosol a t  t h i s  r a t e  r e s u l t s  

i n  t h e  achievement o f  a s teady-state s i t u a t i o n  a f t e r  about 7 hours, such t h a t  t he  

r a t e  o f  f a l l o u t  o f  aerosol i s  equal t o  the  r a t e  a t  which the  aerosol i s  in t roduced.  

The mass o f  suspended aerosol  t hen  remains constant ,  equ iva len t  t o  about 0.4% o f  

t h e  o r i g i n a l  sodium pool. Th i s  e q u i l i b r i u m  i s  mainta ined u n t i l  t h e  molten pool  

mel ts  through t h e  c a v i t y  f l o o r  i n t o  t h e  subcavi ty  a t  about 40 hours. The increased 

r e a c t i o n  sur face area presented by the  subcavi ty  increases the  r a t e  o f  r e a c t i o n  

about t e n f o l d ,  so t h a t  sodium i s  then b o i l e d  o f f  a t  a r a t e  o f  about 1300 gm/sec. 

A new secu la r  e q u i l i b r i u m  i s  reached i n  about th ree  more hours, so t h a t  t he  mass 

o f  sodium ox ide i n  suspension a t  any moment then represents  about 1.5% o f  t he  

o r i g i n a l  sodium pool. S i x t y  hours a f t e r  t h e  acc ident ,  a l l  t he  oxygen i n  the  

b u i l d i n g  i s  used up. A t  t h i s  p o i n t  i t  i s  n o t  c l e a r  what w i l l  be the  e f f e c t  o f  t he  

f u r t h e r  b o i l - o f f  o f  sodium. 

We have assumed t h a t  cont inued evaporat ion o f  sodium i n t o  t h e  i n e r t  atmosphere 

would produce an aerosol o f  condensed sodium d r o p l e t s  behaving much the  same as 

t h e  sodium oxide. I n  t h i s  case, t h e  containment would have been threatened by t h e  

bu i l dup  o f  hydrogen approaching 6% a t  about 40 hours ( i f  hydrogen d i d  n o t  recombine) 

and by t h e  b u i l d u p . o f  pressure t o  20 p s i g  a t  about 60 hours. 

has evaporated, t h e  f a l l o u t  o f  t h e  remain ing aerosol i s  c a l c u l a t e d  t o  be q u i t e  

rap id ,  about a f a c t o r  o f  100 i n  t h r e e  hours. 

o f  t h e  sodium pool  takes pilace, between 66 and.96 hours a f t e r  t h e  acc ident ,  some 

o f  t h e  remaining f i s s i o n  products  and f u e l  may be re leased,  p o s s i b l y  by mechanical 

a c t i o n  and turbulence a t  t he  pool  surface. 

A f t e r  a l l  t h e  sodium 

As t h e  evaporat ion o f  t he  f i n a l  h a l f  

I n  cons ide r ing  t h e  r a d i o l o g i c a l  consequences o f  these meltdown events, i t  has been 

convenient t o  c l a s s i f y  t h e  f i s s i o n  products  i n t o  major groupings based upon t h e i r  

v o l a t i l i t y  and chemical a c t i v i t y  (Reactor Safety  Study, Appendix V I I ) .  The f i r s t  

group, t h e  noble gases xenon and krypton,  would be re leased e i t h e r  a t  t h e  t ime  o f  
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the excursion or at the time of vessel melt-through, three hours later. 
they are not subject to chemical combination or fallout, the time of release makes 
little diffeI-ence, except for very short-lived isotopes. 
comprise those fission products that are soluble in sodium and more volatile than 
sodium. 
released at a rate faster than the rate of boil-off of sodium. 
purposes, one can assume that by the time 10% of the sodium has boiled away, 
essentially all of the cesium and rubidium will have been released to the contain- 
ment atmosphere, where they will combine with aerosol particles which govern their 
subsequent fallout and leakage behavior. 

Since 

The next group would 

Cesium and rubidium are i n  this category. They can be expected to be 
For practical 

The halogens are considered to form soluble compounds (NaI, for example) which are 
less volatile than sodium. There may be some of the volatile free iodine released 
at the time of the excursion, but the balance would form iodine salts in the 
sodium pool. 
like other aerosol materials. 
not expected to contribute significantly to the doses from airborne materials 
because of the difficulty i n  getting them volatilized or otherwise airborne. 
percent of the nonvolatiles were considered to be carried upward with the sodium 
vapor. 
suggested by different authors. 
subject to sparging by the boiling sodium vapors to the extent o f  1%. 
Project contractors have regarded it as a fractured solid material but with only a 
small percent of its mass in the form of particles less than a few microns i n  
diameter.' 
sodium vapor, but subject to a cleanup factor of the order of 1000, as determined 
by Jordan and 0zawa.l' 
tion as determined by Armstrong" which places less than 10 percent of the plutonium 
in the dispersible size particles (F 30mm diameter), but to reduce to 100 the 
possible cleanup factor o f  Jordan and Ozawa, since it is not known how this cleanup 
mechanism behaves at the end of the boilup phase. 
Jordan-Ozawa cleanup factor is also expected to provide for the possible formation 
of soluble or volatile sodium-plutonium compounds. 
tions, 0.1% of the core plutonium was released to the aerosol in the containment 
building at the end of the sodium boilup phase. 
fallout with the sodium oxide aerosol. 

The free iodine and the sodium halides would be subject to fallout, 
Other less volatile groups of fission products are 

One 

Two methods for estimating release of fuel from sodium pools have been 
Cybulskis* has regarded it as a molten material, 

The FFTF 

These small particles would be sparged from the pool by the boiling 

The staff has preferred to use the particle size distribu- 

This reduction in the 

Thus, in the staff calcula- 

This material was subject to 

Inspection of the CACECO and HAARM calculations led to the conclusion that the 
radioactive consequences of these scenarios would depend upon the leakage and the 
timing and amount of venting necessary. 
case with 1 inch per hour sodium-concrete penetration rate with hydrogen recombi- 
nation and no subcavity penetration, the doses at the low population zone are low, 
and are of the same order of magnitude as that calculated for the most severe 
design basis accident. 
i s  arranged to occur at times when the suspended 'concentration of radioactivity is 

If no ventng is required, as would be the 

If venting is assumed in the above model, and if venting 
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. 
n o t  h igh,  t he  consequences are s t i l l  n o t  severe r e l a t i v e  t o  o the r  core m e l t  and 

loss o f  containment analyses, as i n  WASH-1400. 

schedule should be i nves t i ga ted .  

It i s  be l i eved  t h a t  such a ven t ing  

The pressure i n  t h e  r e a c t o r  containment b u i l d i n g  cou ld  be c o n t r o l l e d  tempora r i l y ,  

and a t  l e a s t  p a r t i a l  c o n t r o l  over f i s s i o n  product  re leases cou ld  be maintained. 

As the  sodium b o i l - o f f  r a t e  increased due t o  the  increased r e a c t i o n  sur face i n  the  

subcavi ty ,  s u b s t a n t i a l  ‘amounts o f  r a d i o a c t i v i t y  would have t o  be re leased w i t h  

a d d i t i o n a l  dose consequences. I f  containment cou ld  be mainta ined u n t i l  a few 

hours a f t e r  a l l  t he  sodium has b o i l e d  o f f ,  t h e  a i rbo rne  a c t i v i t y  would be g r e a t l y  

reduced by f a l l o u t  w i t h i n  the  containment, and subsequent ven t ing  cou ld  be ac- 

complished w i t h o u t  excessive releases. 

Based upon t h i s  summary o f  conc lus ions drawn from i n s p e c t i o n  o f  t he  CACECO and 

HAARM c a l c u l a t i o n s ,  a model was developed f o r  d e t a i l e d  r a d i o l o g i c a l  c a l c u l a t i o n s  

w i t h  the  TACT code. 

m a t e r i a l  t o  the  containment b u i l d i n g  would take p lace  toward t h e  end o f  t he  sodium 

b o i l - o f f  phase. 

might  be requ i red  a t  about t h e  same t ime  t h a t  t he  concen t ra t i on  o f  r a d i o a c t i v e  

m a t e r i a l  i n  the  containment b u i l d i n g  atmosphere was very high. I t  appeared t h e r e f o r e  

t h a t  t h e  synchronizat ion o f  t h e  ven t ing  w i t h  the  complet ion o f  t h e  sodium b o i l - o f f  

would have a g rea te r  bea r ing  on the  r a d i o a c t i v e  consequences than t h e  ac tua l  t ime  

o f  v e n t i n g  i t s e l f .  

f a l l o u t  o f  t he  aerosol w i t h i n  containment d u r i n g  t h e  pu rg ing  o r  vent ing.  

It was apparent t h a t  t he  g rea tes t  re lease  o f  rad ioac tve  

It was a l s o  apparent t h a t  v e n t i n g  o r  pu rg ing  o f  t he  containment 

What was n o t  q u i t e  so obvious was t h e  e f f e c t  o f  con t i nu ing  

The TACT code was t h e r e f o r e  s e t  up t o  i nc lude  the  r a t e  o f  f a l l o u t  o f  t he  aerosol 

i n  containment as a d e p l e t i o n  mechanism proceeding a t  t he  same t ime as leakage o r  

pu rg ing  from t h e  Containment t o  t h e  environment. 

chosen, as t h i s  i s  enough t o  r e l i e v e  t h e  pressure, and, w i t h  subsequent pu rg ing  a t  
4000 c f m ,  t o  m a i n t a i n  an i n e r t  atmosphere. A f t e r  an i n i t i a l  p e r i o d  (24 hours) o f  

i nc reas ing  b o i l i n g ,  d u r i n g  which noble gases and v o l a t i l e s  were re leased from the  

pool  w i t h  small amounts o f  Jess v o l a t i l e  m a t e r i a l s ,  1% o f  t h e  i nven to ry  o f  rad io -  

a c t i v e  ma te r ia l s ,  i n c l u d i n g  0.1% of t he  core ‘p lu ton ium which i s  l e s s  v o l a t i l e  than 

o the r  f i s s i o n  product  solids,,was su’ddenly re leased t o  t h e  containment b u i l d i n g  

atmosphere. A t  t h e  same t ime,  the  l e a k  r a t e  from t h e  b u i l d i n g  increased from 0.1% 

per  day t o  400 volume percent  pe r  day, corresponding t o  a 4000 cfm purge o r  vent. 

umstances o f  t h i s  model t h e  halogens would 

A vent  r a t e  o f  4000 cfm was 

> -r . r f i l i  * .  . t  * I ’  a *  ’ 
I n  view o f  t he  f a c t  t h a t  under l t he  

have ample oppor tun i t y  t o  coinbiie with’sodium. aeiosoq‘products, a f a l l o u t  f a c t o r  

o f  0.2 has been’ i nc luded  inf%he t tt ie- low populat i ’on zone (7200 m) 

t o  account for’ t h e  f a c t  t h a t  no‘ more than  th i ;  f r a c t i o n ’  o f  ’the’ aerosol w o t l d  

escape fal-lo-ut’ be-fore a r r i v i n g  a t  t h e  :receptor. . The corresponding f a c t o r  a t  t he  

exc lus ion  rad ius  (2400 m) was 0.5. 
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The r a d i o a c t i v e  dose r e s u l t s  f o r  an i n d i v i d u a l  a t  t h e  exc lus ion  rad ius  o r  a t  t h e  

low popu la t i on  zone rad ius  are g i ven  i n  Table 15.3-8. 

be l i eved  t o  cover an extremely u n l i k e l y  combination o f  circumstances associated 

w i t h  an acc ident  a t  FFTF, the  consequences a re  n o t  as severe as might  have been 

expected. 

d u r i n g  t h e  t ime when the  suspended r a d i o a c t i v i t y  i s  a t  i t s  h ighest .  

o f  t h e  l a r g e  doses from p luton ium and s o l i d s  r e s u l t s  from the  f i r s t  ha l f -hou r  

a f t e r  t he  major re lease from the  pool  a t  24 hours. Th is  suggests t h a t  r a t h e r  

temporary i n t e r d i c t i o n  measures cou ld  be very e f f e c t i v e  i n  p r o t e c t i n g  downwind 

populat ions.  Table 15.3-8 a l s o  shows the  low- level  doses t h a t  would be produced 

i f  no ven t ing  were requ i red ,  o r  i f  ven t ing  cou ld  be delayed u n t i l  16 hours a f t e r  

t he  major re lease o f  f i s s i o n  products  from t h e  pool  (40 hours from the s t a r t  o f  

t he  acc ident) .  

Although the  c a l c u l a t i o n  i s  

This  i s  because the f a l l o u t  w i t h i n  containment i s  a dominating e f f e c t  

E igh ty  percent  

The FFTF P r o j e c t  has c a l c u l a t e d  a s i m i l a r  l e v e l  o f  doses i n  var ious cases us ing 

some o f . t h e  assumptions suggested ay the  s t a f f  i n  comparison w i t h  v a r i a n t s  t h a t  

they have proposed as being more probable. 

The re lease f r a c t i o n s  used here a re  comparable t o  those used i n  t h e  ana lys i s  o f  

l i g h t  water reac to rs  f o r  s i m i l a r  low p r o b a b i l i t y  acc idents ,  and the  f i s s i o n  product  

i n v e n t o r i e s  are lower  f o r  FFTF than f o r  power r e a c t o r s  by a f a c t o r  o f  8. 

o f  p lu ton ium i n  FFTF i s  comparable t o  t h a t  i n  a l i g h t  water moderated power r e a c t o r  

a t  t he  end o f  a cyc le .  

The mass 

We conclude t h a t  t h e  consequences o f  an FFTF core m e l t  acc ident  can be h e l d  t o  a 

l e v e l  t h a t  i s  n o t  o u t  o f  l i n e  w i t h  those o f  o the r  reac to rs  from s i m i l a r  low prob- 

a b i l i t y  acc idents ,  p rov ided  t h a t  a t t e n t i o n  i s  p a i d  t o  t h e  management o f  re leases 

from the  containment, and p repara t i ons  f o r  these acc idents  are kept  i n  readiness. 

More recen t  CACECO c a l c u l a t i o n s  have i n d i c a t e d  t h a t ,  under t h e  cond i t i ons  chosen, 

ven t ing  cou ld  probably  be delayed u n t i l  about 36 hours a f t e r  t h e  s t a r t  o f  t h e  

acc ident .  Except f o r  a s l i g h t  decrease i n  dose due t o  r a d i o a c t i v e  decay o f  some 

isotopes,  t he  doses l i s t e d  i n  Table 15.3-8 would be app l i cab le  t o  t h i s  case a l so ,  

as l ong  as v e n t i n g  was i i m i t e d  a t  4000 cfm a t  t he  t ime  when the  r a d i o a c t i v i t y  i n  

t h e  containment b u i l d i n g  atmosphere was a t  i t s  maximum. 

The r a d i o l o g i c a l  analyses t o  t h i s  p o i n t  have assumed t h a t  t h e  core d e b r i s  would 

take  the  form o f  a coo lab le  bed o f  p a r t i c u l a t e  mat ter .  

study was made a l s o  of  t he  course o f  events i f  t h e  core d e b r i s  became a mol ten 

pool .  

t o  t h e  r e a c t o r  containment b u i l d i n g  i n  t h e  molten pool  case than  i n  t h e  debr i s  bed 

case. Th is  i s  apparent ly  because o f  t h e  e f fec t i veness  o f  t h e  concrete i n  e x t r a c t i n g  

heat from t h e  mol ten pool ,  l e a v i n g  l e s s  heat  f o r  sodium vapor i za t i on .  

carryover  o f  f u e l  and f i s s i o n  products  t o  t h e  r e a c t o r  contaiment b u i l d i n g  depends 

upon t h e  sodium t r a n s m i t t e d  t o  t h e  r e a c t o r  containment b u i l d i n g ,  i t  i s  be l i eved  

I n  t h e  prev ious s e c t i o n  a 

The r e s u l t s  o f  t h i s  study i n d i c a t e d  t h a t  l e s s  sodium vapor was t r a n s f e r r e d  

Since t h e  

3 
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TABLE 15.3.8 

FFTF MELTDOWN ACCIDENT DOSES, KEM 

No Vent ing 
2 h r  30 d 

Exc l .  Rad LPZ* 

I - t h y r o i d  10 3 

So l i ds  - bone n e g l i g i b l e  .03 

- lung  n e g l i g i b l e  .04 

Pu - bone negl i g i  b l e  .03 

- lung  n e g l i g i b l e  .001 

Yoble gases - WE .06 .04 

- s k i n  .13 .12 

Vent A f t e r  24 Hours 
4000 cfm 
30 d LPZ* 

180 

27 

44 

45.0 

1.8 

2.6 

12 

Vent A f t e r  4C Hours 
10,000 cfm 
30 d LPZ* 

3 

.ll 

.17 

.16 

.006 

1.7 

8.8 

4ssumptions: 

100 pe rcen t  o f  noble gases re leased t o  RCB a t  t ime  zero. 

25 percent  o f  i od ines  and 1 percent  o f  s o l i d  f i s s i o n  products  re leased t o  RCB a t  t i m e  z e r o .  

Leak r a t e  i s  0.1 percent  pe r  day, u n t i l  vent  t ime. 

A t  24 hours, 1 pe rcen t  o f  t he  remaining f i s s i o n  products and 0.1 percent  o f  p lu ton ium 

A t  vent  t ime,  l eak  r a t e  i s  increased t o  400 percent  per  day (4000 cfm) o r  l a r g e r .  

A l l  s o l i d s  ( i n c l u d i n g  halogens) undergo f a l l o u t  w i t h i n  the  RCB, a long w i t h  Na oxides. 

re leased t o  RCB. 

No f a l l o u t  ou ts ide  containment. 

TACT c a l c u l a t i o n s  show t h a t :  

80 pe rcen t  o f  t h e  doses associated w i t h  the  24-hour ven t ing  r e s u l t  from the  m a t e r i a l  
vented i n  t h e  f i r s t  ha l f -hou r  o f  vent ing.  

“LPZ = ou te r  boundary o f  Low Populat ion Zone. 
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t h a t  t h e  doses from t h e  mol ten pool  case would be l e s s  than from t h e  debr i s  bed 

case c a l c u l a t e d  here. 

It has been c a l c u l a t e d  t h a t  t h e  mol ten core d e b r i s  might  l ead  t o  a more r a p i d  

bu i l dup  o f  hydrogen i n  the  r e a c t o r  containment b u i l d i n g  than i f  the  debr i s  were 

coo lab le  as a bed o f  s o l i d  fragments. Th is  cou ld  l ead  t o  a requirement f o r  e a r l y  

v e n t i n g , o f , t h e  containment b u i l d i n g .  I f  one assumes t h a t  t h e  e n t i r e  core forms a 

mol ten poo l ,  ven t i ng  cou ld  be requ i red  a t  10 t o  20 hours a f t e r  t he  s t a r t  o f  t he  

acc ident .  The suspensions o f  t h e  more v o l a t i l e  f i s s i o n  products  cesium and rub id ium 

cou ld  be a t  t h e i r  maximum a t  t h i s  t ime,  about 5 t o  10 percent  o f  t h e i r  t o t a l  

i nven to ry .  I f  the,hydrogen i g n i t e d ,  r e q u i r i n g  ven t ing  a t  t h i s  t ime,  the cesium 

bone doses a t  t h e  boundary o f  t h e  low-populat ion zone a re  c a l c u l a t e d  t o  be 20 t o  

40 rem. The doses from p luton ium and o the r  s o l i d s  would be n e g l i g i b l e  i n  t h i s  

case because these m a t e r i a l s  do n o t  become s i g n i f i c a n t l y  suspended as aerosols  

u n t i l  much l a t e r  i n  t h e  b o i l - o f f  sequence. 

The s t a f f  concludes t h a t  t he  r i s k s  associated wth a low p r o b a b i l i t y  reac to r  vessel 

mel t - through a re  acceptably low. 
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16.0 TECHNICAL SPECIFICATIONS 

Current 1 ight water reactor practice is to incokporate technical specifications as 
a condition of licensing and to use, insofar as possible, standard technical 
specifications for pressurized water reactors and boiling water reactors. 

The Fast Flux Test Facility is unique in that no previous operating experience 
exists to rely upon for setting safety limits, control system setpoints, limiting 
conditions for operation, surveillance requirements or to establish an appropriate 
degree of reliance on design features and administrative controls. The design 
parameters used in the Final Safety Analysis Report, Sections 4.2, Fuel System 
Design; 4.3, Nuclear Design; 4.4, Thermal Hydraulic Design; Section 7.0, Instru- 
mentation and Controls; and Section 15.0, Accident Analyses, considered steady-state 
conditions but the transition to natural convection is derived from a basic safety 
concept of not allowing sodium to boil in the core. 
concept in a reasonably conservative manner to correspond to a maximum allowable 
sodium saturation temperature of 1670'F at the exit of the core. 

The staff interprets this 

Many o f  the reactor safety computations in Chapter 15.0 of the Final Safety Analysis 
Report are derived from codes such as IANUS and FLODISC. Until these codes are 
verified by testing, including natural convection, they represent best estimate 
values with some degree of conservatism. 
system should be modified as experience is gained with the reactor. 

The setpoints for the plant protection 

We believe that the proposed safety setpoints for the plant control and protection 
systems of the reactor and main heat transfer system, as described in Section 17.2 
o f  t h e  Final Safety Analysis Report, Table 17.2.2-1, items 1 through 7, will 
provide adequate protection for initial operation of the reactor which is necessary 
to verify natural convection and the analytical codes used in the thermal-hydraulic 
design of the FFTF. 

We concur in part with the limitations on these preliminary technical specifi- 
cations as stated in the preface to Section 17.0 of the Final Safety Anlaysis 
Report. 
of ihree loop operation o f  the FFTF at initial core conditions (600eF coolant 
inlet) with cores 1 and 2." 

"These technical specifications have been developed solely on the basis 

We believe however that the demonstration of natural convection as a safe reliable 
decay heat removal method is essential to the overall safety o f  the FFTF and would 
not advise continuous sustained operation of the reacLor at full power until this 
has been done. 
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We advise the FFTF Project to reassess the thermal-hydraulic and time constants of 
the reactor and heat transport system after having performed these tests and 
modify the control and protection system setpoints accordingly. 

Q 
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17.0 QUALIYY ASSURANCE 

17.1 

17.2 

General 

The description of the quality assurance program for the operations phase o f  the 
Fast F l u x  Test Facility is contained In Chapter 16.0 of the Final Safety Analysis 
Report through Amendment 14 and Supplements 5 and 15. Our evaluation o f  this qual- 
ity assurance program is based on a detailed review o f  this information and dlscus- 
sions with Project representatives from the Department of Energy and the Westinghouse 
Hanford Company, the operating contractor for the Hanford Engineering Development 
Laboratory (HEDL). 
phase to see If it complies with the requirements of 10 CFR Part 50, Appendix B, 
“Quality Assurance Criteria for Nuclear Power Plants and Fuel Reprocessing Plants,” 
and the applicable regulatory guidance listed In Table 17.1-1. 

We assessed HEDL’s quality assurance program for the operations 

Organization 

The organizational structure responsible for the operation of the FFTF and for the 
establishment and execution o f  the Operations phase quality assurance program is 
shown in Figure 17.2-1. 
also the Director o f  HEDL) has the responsibility for establishing corporate quality 
assurance policies, goals, and objectives. He also establishes the responsibilities 
and authority o f  the Quality Assurance Department and other HEDL organizations whose 
work affects quality. A master audit plan matrix, which Is used for internal audits, 
identifies the quality-related responsibilities of each organization. 

The President of the Westinghouse Hanford Company (who is 

The Manager of Quality Assurance reports directly to the Director of HEDL and has 
the responsibility for establishment, effective Implementation, and control of the 
quality assurance program. 
Figure 17.2-2, has the authority to Identify quality problems; to initiate, recom- 
mend, or provlde solutions through‘deslgnated channels; to verify implementation of 
sol utlons; and to stop unsati sfactory work. 
responsible for assuring,that HEDL manuals and instructions provlde for complete and 
adequate quality assurance requirements with sufficient reviews, inspections, and 
audits by quality assurance personnel to verify the effective implementation of the 
entire quality assurance program. *The resolution o f  disputes on quality assurance 
program requirements arising between quality assurance personnel and other depart- 
ment personnel are escalated to appropriate levels o f  management designated in 
Figure 17.2-1 for resolution. 

The.Quality Assurance Department, which is shown in 

The- Manager o f  Qual i ty Assurance 1 s 
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TABLE 17.1-1 -- 
REGULATORY GUIDANCE FOR QUALITY ASSURANCE 

1. 

2. 

3. 

4. 

5 .  

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

Regulatory Guide 1.8, "Personnel S e l e c t i o n  and Tra in ing,"  (3/10/71). 

Regulatory Guide 1.30, " Q u a l i t y  Assurance Requirements f o r  t h e  I n s t a l l a t i o n ,  I nspec t i on  
and Tes t i ng  o f  I ns t rumen ta t i on  and E l e c t r i c a l  Equipment," (8/11/72). 

Regulatory Guide 1.37, "Qua l ' i t y  Assurance Requirements f o r  Cleaning o f  F l u i d  Systems and 
Associated Components o f  Water-cooled Nuclear Power Plants," (3/16/73). 

Regulatory Guide 1.38, " Q u a l i t y  Assurance Requirements f o r  Packaging, Shipping, Receiving, 
Storage, and Handling o f  I tems f o r  Water-cooled Nuclear Power Plants," (3/16/73). 

Regulatory Guide 1.39, "Housekeeping Requirements f o r  Water-cooled Nuclear Power P lan ts  ,'I 
(3/16/73). 

Regulatory Guide 1.54, " Q u a l i t y  Assurance Requirements f o r  P r o t e c t i v e  Coatings App l i ed  t o  
Water-cooled Nuclear Power Plants," (6/73). 

Regulatory-Guide 1.58, " Q u a l i f i c a t i o n  o f  Nuclear Power P l a n t  I nspec t i on ,  Examination, and 
T e s t i n g  Personnel ,I' (8/73). 

Regulatory Guide 1.64, Rev. 2, " Q u a l i t y  Assurance Requirements f o r  t h e  Design o f  Nuclear 
Power Plants," (6/76). 

Regulatory Guide 1.74, "Qual i t y  Assurance Terms and D e f i n i t i o n s  ,I' (2/74). f 

Regulatory  Guide 1.88, " C o l l e c t i o n ,  Storage,'and Maintenance o f  Nuclear Power P l a n t  
Q u a l i t y  Assurance Records , I '  (8/74). 

Regulatory  Guide 1.94, " Q u a l i t y  Assurance RequiSements f o r  I n s t a l l a t i o n ,  Inspect fon,  and 
T e s t i n g  of S t r u c t u r a l  Concrete and S t r u c t u r a l  Steel Dur ing the  Construct ion Phase of 
Nuclear Power Plants," (4/75). I '  

ANSI Standard N45.2.8-1975, "Supplementary Q u a l i t y  Assurance Requirements f o r  I n s t a l l a -  
t i o n ,  I nspec t i on ,  and Tes t i ng  o f  Mechanical Equipment and Systems f o r  t h e  Co-nstruction 
Phase o f  Nuclear Power P1 ants .  I' 

A N S I  Standard N45.2.12, "Requirements f o r  A u d i t i n g  o f  Q u a l i t y  Assurance ' , >  

Nuclear Power Plants , "  D r a f t  3, Rev. 4 (2/22/74). 
Programs f o r  

ANSI  Standard N45.2.13, " Q u a l i t y  Assurance Requirements f o r  Contro l ,  o f  Procurement o f  
I tems and Services f o r  Nuclear Power Plants , "  D r a f t  2, Rev. 4, (4L74). 

ANSI Standard N18.7-1976, "Admin i s t ra t i ve  Contro ls  and Q u a l i t y  Assurance f o r  t h e  Opera- 
t i o n a l  Phase o f  Nuclear Power Plants . "  
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The Q u a l i t y  Assurance Department i s  g l ven  r e s p o n s l b i l i t y  f o r :  

i n d o c t r l n a t l n g  t e c h n i c a l ,  management, and q u a l l t y  assurance personnel I n  q u a l i t y  

assurance requlrements; (2) rev iew ing  and approving q u a l l t y - r e l a t e d  documents (e.g., 

I n s t r u c t i o n s ,  procedures, drawlngs, s p e c l f i c a t i o n s ,  and t e s t  p lans) ;  (3)  assur lng 

t h a t  personnel q u a l i f i c a t i o n s  are c u r r e n t  and a p p l l c a b l e  t o  t h e  work be ing per-  

formed; (4) assur ing  t h a t  procurement documents Inc lude  a p p l l c a b l e  q u a l i t y  assurance 

requlrements; (5) per formlng pre-award eva lua t l on  o f  s u p p l i e r s  and s u r v e l l l a n c e  and 

Inspec t i on  a t  t he  s u p p l i e r s '  f a c l l l t i e s ;  (6) approving t h e  d i s p o s i t i o n  o f  noncon- 

forming Items; (7) p r o v i d i n g  o r  approving r e c e i v i n g  l n s p e c t l o n  p lans;  ( 8 )  assur lng  

t h a t  c o r r e c t l v e  ac t l ons  a re  e f f e c t i v e  and accomplished i n  a t i m e l y  manner; and ( 9 )  

a u d i t l n g  and s u r v e l l l a n c e  of  malntenance, m o d i f l c a t l o n ,  and opera t i on  a c t i v i t i e s  

performed by o t h e r  organlzat lons.  

(1)  t r a l n l n g  and 

17.3 Q u a l i t y  Assurance Program 

The Hanford Engineer ing Development Laboratory  has commltted t o  comply w l t h  t h e  

r e g u l a t o r y  guidance prov lded by t h e  Commlsslon I n  Table 17.1-1, augmented by accept- 

a b l e  a l t e r n a t i v e s  conta ined i n  Supplements 5 and 15 o f  t h e  F i n a l  Sa fe ty  Ana lys i s  

Report." The q u a l i t y  assurance program f o r  t h e  FFTF a l s o  s a t i s f i e s  t h e  requlrements 

conta ined -fn a p p l l c a b l e  Reactor Development Technology Standards i n c l u d i n g  F2-2, 

" Q u a l i t y  Assurance Program Requirements." Th ls  standard a long w l t h  F5-1T, "Cleaning 

and Cleanl iness Requirements f o r  Nuclear Components," and F7-2T, "Packaging, Packlng, 

and Marklng o f  Components f o r  Shlpment and Storage," were evaluated and found t o  

c o n t a i n  equ iva len t  c o n t r o l s  t o  those conta ined i n  t h e  corresponding ANSI  Standards 

( i . e . ,  N45.2, N45.2.1 and N45.2.2) f o r  l i g h t  water reac to rs .  

The p o l i c i e s ,  procedures, and I n s t r u c t l o n s  by whlch t h e  q u a l i t y  assurance program 

f o r  t h e  FFTF I s  implemented a re  conta ined i n  the  HEDL Q u a l i t y  Assurance Manual and 

o the r  c o n t r o l l e d  documents. 

menting documents encompass d e t a i l e d  c o n t r o l s  fo r :  t r a n s l a t i n g  codes, standards, 
r e g u l a t o r y  requirements, t e c h n l c a l  s p e c i f l c a t l o n s ,  englneer ing and process requ i re -  

ments I n t o  drawings, s p e c i f i c a t i o n s ,  procedures, and I n s t r u c t i o n s ;  developing, 

rev lewlng,  and approving procurement documents, i n c l u d i n g  changes; p r e s c r i b l n g  a l l  

q u a l i t y - r e l a t e d  a c t l v i t l e s  by documented i n s t r u c t i o n s ,  procedures, drawings, and 

s p e c l f i c a t i o n s ;  i s s u i n g  and d i s t r i b u t i n g  approved documents; purchasing i tems and 

serv ices;  i d e n t i f y i n g  ma te r la l s ,  p a r t s ,  and components; pe r fo rm ing  spec ia l  pro-  

cesses, i n s p e c t i n g  and/or t e s t i n g  m a t e r l a l s ,  equipment, processes o r  serv ices;  

c a l i b r a t i n g  and ma in ta ln lng  measuring and t e s t  equipment; handl ing,  s t o r i n g ,  and 

sh lpp lng  o f  i tems; i d e n t i f y i n g  t h e  l nspec t l on ,  t e s t ,  and opera t i ng  s t a t u s  o f  I tems; 

i d e n t i f y i n g  and d i s p o s i t i o n i n g  nonconforming i tems; c o r r e c t i n g  c o n d i t i o n s  adverse t o  

q u a l i t y ;  p repar ing  and ma in ta in ing  q u a l i t y  assurance records;  and a u d i t i n g  a c t i v i -  

t i e s  which a f f e c t  q u a l i t y .  Q u a l i t y  I s  v e r l f l e d  through checking, review, s u r v e i l -  

lance, i nspec t i on ,  t e s t i n g ,  and a u d i t  of q u a l i t y - r e l a t e d  a c t i v i t i e s .  

assurance program requ l res  t h a t  q u a l i t y  v e r i f l c a t i o n  be performed by i n d i v i d u a l s  who 

a r e  n o t  d i r e c t l y  responsib le  f o r  per forming t h e  q u a l i t y - r e l a t e d  a c t i v i t i e s .  

The q u a l i t y  assurance program requ i res  t h a t  imple- 

The q u a l i t y  
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17.4 

Inspections are performed by qualified personnel in accordance with procedures, 
instructions, and drawings approved by the Quality Assurance Department. 
Nondestructive examination personnel are certified in accordance with SNT-TC-1A. 

The Hanford Engineering Development Laboratory has established an indoctrination and 
training program,to assure that personnel performing activities affecting quality 
are knowledgeable in quality assurance/quality control requirements, implementing 
procedures and instructions; and demonstrate a high level of competence and skill in 
the performance o f  their qual ity-related activities. 

The Quality Assurance Department is responsible for the establishment and implemen- 
tation of the audit program. 
written checklists by appropriately trained personnel not having direct responsi- 
bilities in the areas being audited. The audit function, which is conducted at 
scheduled intervals and/or on a random unscheduled basis, includes an objective 
evaluation of the adequacy of and compliance with quality assurance policies, 
practices, procedures, and instructions; the adequacy of work areas, activities, 
processes, items, and records; the effectiveness of implementation of the quality 
assurance program; and product compliance with applicable engineering drawings and 
specifications. 
results and review by management having responsibility in the area audited to 
determine and take corrective action needed, if any. 

Audits are performed in accordance with preestablished 

The quality assurance program requires.documentation of audit 

Followup audits are performed to determine that nonconformances are effectively 
corrected and that the corrective action precludes repetitive occurrences. 
reports, which indicate performance trends and the effectiveness o f  the quality 
assurance program, are prepared and issued to responsible management for review and 
assessment. 

Audit 

Conclusions 

Our review of the quality assurance program description for the operations phase of 
the FFTF has verified that the criteria of Appendix B to 10 CFR Part 50 have'been 
adequately addressed. 

Based on our detailed review and evaluation of the quality assurance program 
description contained in Chapter 16.0 of the Final Safety Analysis Report through 
Amendment 14 and Supplements 5 and 15 to the Final Safety Analysis Report for the 
FFTF, we conclude that: 

I 

(1) The Quality Assurance Department is provided sufficient independence from cost 
and schedule (when opposed to safety considerations), sufficient authority to 
effectively carry out the quality assurance program, and sufficient access to 
management at a level necessary to perform their quality assurance functions. 
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The q u a l i t y  assurance program d e s c r i p t i o n  conta ins adequate q u a l i t y  assurance 

requirements and a comprehensive system of planned and systematic c o n t r o l s  

which address each o f  t h e  c r i t e r i o n  o f  Appendix 6 t o  10 CFR P a r t  50 i n  an 

acceptable manner. 
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18.0 REVIEW BY THE ADVISORY COMMITTEE ON REACTOR SAFEGUARDS 

I n  i t s  l e t t e r  o f  J u l y  15, 1975, t h e  Advisory Committee on Reactor Safeguards 

i n d i c a t e d  t h a t  c e r t a i n  mat ters  would r e q u i r e  f u r t h e r  a t t e n t i o n  and r e s o l u t i o n  
d u r i n g  t h e  c o n s t r u c t i o n  o f  t he  Fast F lux  Test F a c i l i t y .  

C e r t a i n  o f  these i tems have been resolved and others a re  addressed and discussed 

i n  t h i s  r e p o r t  as i n d i c a t e d  i n  t h e  f o l l o w i n g  sect ions:  

Sec t i on  1.7(6) - L i n e r  Vents 

Sect ion 1.7(7) - Head Cavi ty  

Sect ion 1.7(8) - Subcavity 

Sect ion 13.2 - Emergency Plans 

Sec t ion  15.0 - Containment F i l t e r s  

Sect ion 15.0 - Post-Accident Eva lua t i on  
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19.0 CONCLUSIONS AND ADVICE 

19.1 Conclusions 

Based on our eva lua t ion  o f  the  FFTF F ina l  Safety  Analys is  Report, i n c l u d i n g  Supple- 

ments and Amendments through Number 27, and assuming favorab le  r e s o l u t i o n  o f  unresolved 

mat ters  i d e n t i f i e d  i n  t h i s  repo r t ,  we conclude tha t :  

(1) The des ign fea tures  impor tant  t o  s a f e t y  p rov ided f o r  t h e  FFTF comply w i t h  the  

i n t e n t  o f  e x i s t i n g  r u l e s  and design c r i t e r i a  f o r  l i c e n s e d  reac tors .  

FFTF design has dev ia ted  from l i censed l i g h t  water r e a c t o r  p r a c t i c e  due t o  

unique o r  spec ia l  c h a r a c t e r i s t i c s  o f  a t e s t  r e a c t o r  o r  l i q u i d  metal system, the  

s a f e t y  s i g n i f i c a n c e  o f  these d i f f e r e n c e s  has been evaluated t o  ensure t h a t  an 

adequate l e v e l  o f  s a f e t y  has been maintained. 

Where the  

(2) The FFTF can be operated as a t e s t  r e a c t o r  under i t s  i n i t i a l  cond i t ions  o f  

opera t ion  i n  a safe manner w i t h  reasonable assurance o f  no t  endangering the  

h e a l t h  and s a f e t y  o f  the  pub l i c .  

(3)  The Department o f  Energy cont rac tors ,  Hanford Engineering Development Laboratory, 

have an adequately t r a i n e d  and t e c h n i c a l l y  q u a l i f i e d  s t a f f  o f  management and 

opera t ing  personnel who can operate the  f a c i l i t y  i n  a safe manner. 

19.2 S t a f f  Review 

A summary o f  the  s t a f f ' s  rev iew o f  FFTF, i n c l u d i n g  some comments on i tems n o t  reviewed 
a t  t h e  Department o f  Energy's request ,  i s  p rov ided below: 

(1) The s t a f f  rev iew o f  t h e  FFTF design was,.based,on a plutonium-uranium mixed 

ox ide core l i m i t e d  t o  an.average.burpup o f  45,000 MWd/kg and opera t ing  tempera- 

t u r e s  o f  6OO0F and 858OF sodjum i n l e t  and o u t l e t  r e s p e c t i y e l y .  

l i m i t e d  t o  t h r e e  loop operat-ion and d i d  no t . inc lude. the  e f f e c t  o f  t h e  c losed 

loops i n  the  core. The rev iew d i d  no t  i n c l u d e  d e t a i l s  o f  the  h igher  opera t ing  

temperatures associated w i t h  r a t e d  c o n d i t i o n s  nor  the  use o f  newer f u e l s  which 

may be contemplated f o r  future,  u2e. 

The s t a f f  d i d  n o t  rev iew the, FFTF des ign f o r  o p e r a t i n g  b a s i s  earthquake events 

g rea ter  than thef0.05g s ince  t h e  p l a n t  w i l l  be shut  down f o r  these l a r g e r  

events and re-evaluated f o r  s t r u c t u r a l  damage p r i o r  t o  s ta r tup .  

The rev iew was 

, - -  * 
(2) 
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(3) The s t a f f  rev iew i s  l i m i t e d  t o  s a f e t y  eva lua t ion  o f  t h e  design presented i n  the  

F ina l  Safety  Analys is  Report. 

a u d i t  conformance o f  c o n s t r u c t i o n  w i t h  design requirements, as would be done 

f o r  a l i censed f a c i l i t y .  Th is  l i m i t a t i o n  was i n  accordance w i t h  the  request o f  

the  Department o f  Energy. 

The s t a f f  d i d  no t  perform any o n s i t e  r e v i e w ' t o  

(4) A l s o  i n  accordance w i t h  the  Department o f  Energy's request the  s t a f f  d i d  no t  

rev iew the  FFTF safeguards and s e c u r i t y  p rov is ions .  Therefore the  s t a f f  d i d  

no t  reach any conclus ions regard ing  t h e i r  e f f e c t i v e n e s s  compared t o  those o f  

l i censed f a c i l i t i e s  o r  regard ing  the  completeness o r  adequacy o f  the  s e c u r i t y  

and safeguards eva lua t ions  performed by the  Department o f  Energy and i t s  con- 

t r a c t o r s .  

(5) The Commission w i l l  no t  t e s t  o r  l i c e n s e  the  FFTF operators .  Th is  i s  a Department 

o f  Energy r e s p o n s i b i l i t y .  

19.3 Advice and Recommendations 

A. Natura l  C i r c u l a t i o n  Decay Heat Re jec t ion  

The P r o j e c t  has decided t o  r e l y  on pass ive opera t iona l  c i r c u l a t i o n  i n  the  heat  

t r a n s p o r t  systems f o r  decay heat  removal as a backup t o  fo rced c i r c u l a t i o n  and has 

agreed t o  demonstrate t h e  adequacy o f  the  na tu ra l  c i r c u l a t i o n  o p t i o n  i n  the  pr imary 

and secondary heat t r a n s p o r t  systems and i n  t h e  dump heat  exchanger modules by 

i n - p l a n t  t es t i ng .  The d e c i s i o n  t o  r e l y  on na tu ra l  c i r c u l a t i o n  has r e s u l t e d  i n  the  

P r o j e c t  choosing n o t  t o  p rov ide  o n s i t e  e l e c t r i c a l  components and systems f o r  decay 

heat removal which s a t i s f y  our requirements f o r  s a f e t y - r e l a t e d  systems. Since the  

performance l e v e l  o f  na tu ra l  c i r c u l a t i o n  and the  associated p l a n t  thermal -hydrau l i c  

c o n d i t i o n s  have no t  been w e l l  es tab l i shed and cannot be adequately es tab l i shed 

w i t h o u t  the  conduct o f  a d e t a i l e d  t e s t  program t o  determine FFTF system behavior ,  we 

recommend t h a t  t h e  Pro jec t :  

(1) Continue t o  pursue v i g o r o u s l y  the  development and implementation o f  t h e  na tu ra l  

c i r c u l a t i o n  v e r i f i c a t i o n  t e s t  program, w i t h  emphasis on o b t a i n i n g  bo th  a very 

wide range o f  data and data which c l o s e l y  resemble t h e  p r e d i c t e d  cond i t ions  o f  

decay heat  removal f o l l o w i n g  f u l l  pcver operat ion.  

(2) Define acceptance c r i t e r i a  f o r  the  t e s t s  so t h a t  i t  i s  c l e a r  what c o n s t i t u t e s  

acceptable performance, w i t h  spec ia l  emphasis on model acceptance. It should 

be made c l e a r  t h a t  t h e  computer Godels used f o r  these analyses need t o  be 

v e r i f i e d  bo th  i n  t h e  na tu ra l  c i r c u l a t i o n  regime and over the  f u l l  range o f  

r e a c t o r  opera t ion  t o  s u b s t a n t i a t e  the  s a f e t y  a n a l y s i s  i n  Chapter 15.0 o f  the  

F ina l  Safety  Analys is  Report. 
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(3 )  Identify the plant modifications to be implemented if natural circulation is 
not adequately established (for example, additional onsite power sources which 
satisfy staff requirements and forced circulation with pony motors). 

We believe natural circulation to be a highly important safety matter which is 
fundamental to the safety approach on the FFTF. 
natural circulation in the FFTF may result in major costly plant modifications such 
as adding redundant diesel generators and safety grade electrical equipment to 
permit the operation of the pony motors during all shutdown modes. 

Failure to demonstrate adequate 

In line with the above recommendations, we have requested that the proposed Natural 
Circulation Verification Test Program to be initiated during the initial reactor 
start-up phase of operation include verification of the IANUS and FLODISC codes for 
plant conditions expected throughout the operating range of the reactor, thereby 
confirming the adequacy of the safety analysis in Chapter 15.0 with respect to 
thermal-hydraulic transients. We have requested that we be provided with the details 
of the test plan and its schedule, the pretest transient and steady state predictions 
and, on a timely basis, the experimental test results. We do not recommend unrestricted 
reactor operation until the natural circulation capability has been verified and the 
safety analysis relating to core thermal-hydraulics confirmed. 
recommendations are presented in Section 14.2 of this report. 

Detailed staff 

E. Containment Margins for Core Melt Events 

As discussed in Supplement 2 to the previous Safety Evaluation Report and Section 
15.3.6 of this report, we believe that there exists some uncertainty in the reli- 
ability of the mechanisms to prevent vessel melt-through in the event of a core melt 
accident. Although the rates and extent of penetration of sodium and core debris 
into concrete are not fully resolved, calculations have shown that over a wide 
variety o f  postulated accident conditions, the release of radioactivity would not 
result in doses to the public that are excessively above acceptable guidelines, 
provided that there are means to institute a controlled release of the containment 
atmosphere and that a reasonable degree of containment integrity is maintained. 

We have determined that the generation of hydrogen resulting from sodium and core 
debris interactions with concrete is the principal challenge to containment which 
has not been fully resoived. 
hydrogen production have not been forth 
ment response, requires consideration ?f 
processes. 
could create potentially exp 
containment building atmosph 
significant early threat to the integrity of  the containment structure. 

Fully applicable data on concrete attack rates and 
ing, so that an assessment of the contain- 
e uncertainties associated with those 

r t  

In the event of a core melt-through, the quantity of hydrogen generated 
ive or highly ene-rgetic flammable mixtures in the 
or portions.of the building which could constitute a 
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We have considered va r ious  means t o  a l l e v i a t e  t h e  bu i l dup  o f  hydrogen i n  the  conta in-  

ment b u i l d i n g .  A b r i e f  d i scuss ion  o f  each’ i s  prov ided:  

S a c r i f i c i a l  M a t e r i a l s  - High-temperature s a c r i f i c i a l  m a t e r i a l s  which do n o t  

generate hydrogen and which p r o t e c t  the l i n e r  and concrete from sodium and core 

d e b r i s  cou ld  be added (1) i n  t h e  reac to r  c a v i t y  t o  p r o t e c t  t h e  s t e e l  l i n e r j a n d  

( 2 )  i n  t h e  containment subcav i t y  t o  p r o t e c t  t he  bare concrete f l o o r  and s i d e  

w a l l s .  Because t h e  r e a c t o r  c a v i t y  and’subcavi ty  have been sealed, i n s t a l l a t i o n  

o f  a d d i t i o n a l  m a t e r i a l s  i n  these reg ions would be d i f f i c u l t  and expensive; 

however, i t  i s  n o t  impossib le  p r i o r  t o  r e a c t o r  s ta r tup .  

Spontaneous Recombination - Based on very smal l -sca le t e s t s  repo r ted  i n  Ref. 10 
o f  Sect ion 15.3.6 o f  t h i s  r e p o r t ,  t h e  P r o j e c t  concludes t h a t  hydrogen w i l l  
recombine spontaneously w i th  oxygen prov ided t h e  c r i t e r i a  o f  Ref. 10 a re  s a t i s f i e d .  

However, t h e  recombination o f  hydrogen and oxygen i n  t h e  presence o f  sodium 

aerosols  has n o t  been’demonstrated f o r  t h e  l a r g e  containment volume and t h e  
p o s s i b l e  s t r a t i f i e d  c o n d i t i o n s  which may e x i s t  there.  Moreover, as discussed 
i n  Sect ion 15.3.6 and Appendix F o f  t h i s  r e p o r t ,  t h e  i n f l u e n c e  o f  spontaneous 

recombinat ion on t h e  containment t r a n s i e n t  response was found n o t  t o  be dominant. 

C a t a l y t i c  Recombination - Recombining hydrogen c a t a l y t i c a l l y  a t  low r a t e s  o f  

energy re lease  i s  n o t  cons idered t o  be f e a s i b l e  i n  t h e  presence o f  an atmosphere 

t h a t  may be h e a v i l y  loaded w i t h  sodium r e a c t i o n  products. 

I n e r t  Gas - D i l u t i o n  of t h e  containment b u i l d i n g  atmosphere w i th  an i n e r t  gas 

d u r i n g  a core m e l t  acc iden t  i s  f e a s i b l e  b u t  somewhat i m p r a c t i c a l  because o f  t h e  

l a r g e  containment volume. 

A r t i f i c i a l  Combustion - Induc ing  combustion o f  hydrogen a r t i f i c a l l y  w h i l e  i t  i s  

a t  low enough concen t ra t i on  t o  avo id  a ser ious de tona t ion  may a l l e v i a t e  t h i s  

problem; however, t h e  P r o j e c t  has n o t  p rov ided  documentation j u s t i f y i n g  t h i s  

opt ion.  

Containment Subcavi ty  - E l i m i n a t i n g  t h e  containment subcav i t y  v o i d  by f i l l i n g  

i t  w i t h  e i t h e r  concrete o r ,  as mentioned e a r l i e r ,  a s a c r i f i c i a l  m a t e r i a l  would 

m i t i g a t e  and delay t h e  s i g n i f i c a n t  containment response t r a n s i e n t  which occurs 

a f t e r  t h e  c a v i t y  f l o o r  i s  pene t ra ted  and t h e  sodium and core d e b r i s  come i n  

d i r e c t  con tac t  w i t h  t h e  l a r g e  bare concrete sur faces of t h e  subcavi ty .  As has 

a l ready  been mentioned, i n s t a l l a t i o n  o f  a d d i t i o n a l  m a t e r i a l  i n  the  subcav i t y  

would be d i f f i c u l t  and expensive, a l though i t  i s  f e a s i b l e .  

19-4 

Q 

1 



I n  view o f  t h e  w e l l  known i n d u s t r i a l  hazard associated w i t h  accumulations o f  hydrogen, 

we b e l i e v e  t h a t  t h i s  sub jec t  should be f u r t h e r  addressed by t h e  P r o j e c t .  

p lans  should be made e i t h e r  f o r  t he  mon i to r i ng  and c o n t r o l  o f  t h e  hydrogen concen t ra t i on  

i n  t h e  course o f  a mel t - through,  o r  f o r  t h e  p reven t ion  o r  l i m i t a t i o n  o f  i t s  f o rma t ion  

i n  t h e  containment b u i l d i n g .  

S p e c i f i c  

The Nuclear Regulatory Commission i s  suppor t i ng  l a rge -sca le  m a t e r i a l s  i n t e r a c t i o n  

experiments d i r e c t e d  toward determin ing t h e  r a t e s  and e x t e n t  o f  sodium and core- 

d e b r i s  p e n e t r a t i o n  i n t o  concrete (see Sec t ion  15.3.6 o f  t h i s  r e p o r t ) .  

i n i t i a l  c r i t i c a l i t y  o f  t h e  FFTF, these experiments may p rov ide  s i g n i f i c a n t  a d d i t i o n a l  

understanding o f  t h e  concrete a t t a c k  phenomena and p e r m i t  a d i f f e r e n t  conc lus ion 

from t h a t  presented here. The Department o f  Energy i s  a l s o  urged t o  pursue i t s  own 

la rge -sca le  experimental program i n  t h i s  area. F i n a l  c o n f i r m a t i o n  o f  t h e  soundness 

o f  p resen t  conc lus ions and t h e  v a l i d i t y  o f  any p r o v i s i o n s  t o  cope w i t h  t h e  hydrogen 

problem cou ld  be s i g n i f i c a n t l y  i n f l uenced  by the  r e s u l t s  o f  these t e s t s .  

t h e  a l t e r n a t i v e s  f o r  coping w i t h  the  hydrogen generated should be c a r e f u l l y  s tud ied  

i n  more d e t a i l  so t h a t  a s u i t a b l e  approach can be implemented upon complet ion o f  

c u r r e n t  experimental programs. 

P r i o r  t o  t h e  

Nevertheless, 

The s t a f f  des i res  t o  be kept  informed o f  t he  progress 

' o f  t h i s  e f f o r t .  

The s t a f f  has suggested t h a t  t he  emergency p l a n  f o r - t h e  f a c i l i t y  t ake  i n t o  account 

t h e  t i m i n g  o f  t h e  events o f  a core mel t - through acc iden t  (Safety  Eva lua t i on  Report 

Supplement 2, Sect ion 7.0). Emergency p lans f o r  t h e  f a c i l i t y  a re  discussed i n  t h e  

F i n a l  Sa fe ty  Analys is  Report, Chapter 13.0. These p lans have been reviewed by t h e  

s t a f f  and found t o  be g e n e r a l l y  acceptable. I n  t h e  p a r t i c u l a r  case o f  a core mel t - through 

acc iden t  accompanied by l i m i t e d  ven t ing  o r  pu rg ing  o f  t h e  containment atmosphere, we 

have a l s o  concluded t h a t  t h e  emergency p l a n  i s  acceptable i n  b o t h  t ime-scale and 

scope t o  p rov ide  f o r  t h e  implementation o f  s u i t a b l e  procedures, i n c l u d i n g  evacuation 

i f  necessary. 

I n  accordance w i t h  t h e  above d i scuss ion  and eva lua t i ons  descr ibed 

o f  t h i s  r e p o r t ,  our  conclus ions and recommendat.ions are: 

(1) Hydrogen remains a se r ious  p o t e n t i a l  problem accord ing t o  ava 

* c a l c u l a t i o n s .  ? . 

n Sect ion 15.3.6 

l a b l e  data and 

(2) The P r o j e c t  should p rov ide  t h e  necessary means t o  mon i to r  and c o n t r o l  t h e  

hydrogen concen t ra t i on  cou ld  th rea ten  containment i n t e g r i t y : ,  

Large-scale experiments need t o  ,be pursued more aggress i ve l y  t o  o b t a i n  b e t t e r  

da ta  on. t h e  generat ion and d i s p o s i t i o n  o f  hydrogen under t h e  cond i t i ons  o f  
i n t e r e s t .  

3 hydrogen concen t ra t i on  i n  t h e  containment under those cond i t i ons  i n  which the  

(3 )  

(4) The P r o j e c t  should p rov ide  the  means t o  ven t  t h e  containment b u i l d i n g  i n  a 

c o n t r o l l e d  manner and p reven t  containment f a i l u r e  by ove rp ressu r i za t i on .  The 
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s t a f f  has c a l c u l a t e d  t h a t  a c o n t r o l l e d  v e n t i n g  r a t e  o f  about 4000 cubic  f e e t  

p e r  minute w i l l  be r e q u i r e d  when t h e  b u i l d i n g  pressure i s  a t  o r  near 10 ps ig .  

Th is  r a t e  may be a f f e c t e d  by a d d i t i o n a l  i n f o r m a t i o n  from t h e  Nuclear Regulatory 

. Commission's con f i rma to ry  l a rge -sca le  m a t e r i a l s  i n t e r a c t i o n  experiments and t h e  

Department o f  Energy 's  l a rge -sca le  experimental program. 

C. P i p i n g  I n t e g r i t y  

The s t a f f ' s  recommendation i n  i t s  J u l y  11, 1976 l e t t e r  and i n  subsequent d iscuss ions 

w i t h  t h e  P r o j e c t  rega rd ing  p i p i n g  i n t e g r i t y ,  l e a k  de tec t i on ,  i n s e r v i c e  i n s p e c t i o n  

and m a t e r i a l  s u r v e i l l a n c e  inc ludes  a base l i ne  p rese rv i ce  vo lumet r i c  examination o f  

h i g h l y  s t ressed  welds (ho t  crossover p i p i n g ) ,  p e r i o d i c  i n s e r v i c e  i nspec t i on  o f  these 

welds, i n c l u s i o n  o f  a s e n s i t i v e  r e l i a b l e  aerosol l e a k  d e t e c t i o n  system and i n i t i a t i o n  

o f  a m a t e r i a l  s u r v e i l l a n c e  program. We have a l s o  recommended placement o f  an aerosol  

l eak  d e t e c t o r  probe near each o f  t h e  r e a c t o r  i n l e t  p ipes  i n  t h e  r e a c t o r  guard vessel 

and placement o f  a tube i n  each o f  t h e  t h r e e  h o t  crossover p i p i n g  sec t i ons  as a 

means f o r  aerosol communication around p i p e  supports. The P r o j e c t  d i d  i n i t i a t e  
research and development e f f o r t s  t o  develop an u l t r a s o n i c  d e t e c t i o n  device f o r  

per forming t h i s  t ype  o f  i n s e r v i c e  i n s p e c t i o n  a t  4OO0F b u t  s ince  has s t a t e d  t h a t  t h i s  

dev ice may n o t  be s u f f i c i e n t l y  developed i n  t ime  t o  be used be fo re  r e a c t o r  s ta r tup .  

The s t a f f  recommends t h a t  t h e  Department o f  Energy v igo rous l y  pursue t h i s  e f f o r t  and 

t h e  implementation o f  t h e  i n s e r v i c e  i n s p e c t i o n  program f o r  t h e  FFTF a t  t h e  e a r l i e s t  

p r a c t i c a l  date. The s t a f f  recommends a l s o  the  c o n t i n u a t i o n  o f  t h e  m a t e r i a l  s u r v e i l -  

lance program a p p l i c a b l e  t o  t h e  h o t  l e g  p i p i n g  and i t s  implementation i n  t h e  FFTF a t  

t h e  e a r l i e s t  p r a c t i c a l  date. 

sec t i ons  o f  removable i n s u l a t i o n  be r e t a i n e d  and p r o v i s i o n s  be i nc luded  t o  a l l o w  f o r  

t r a c k s  t o  p e r m i t  remote manual i n s p e c t i o n  a t  a l a t e r  date. 

n o t  ready t o  be implemented c o i n c i d e n t  w i t h  t h e  p resen t  FFTF s t a r t u p  schedule, t h e  

e f f o r t  never the less should cont inue and t h e  implementation completed as soon as 

p o s s i b l e  so t h a t  t h e  system can be used f o r  t h e  balance o f  t he  FFTF opera t i ng  l i f e .  

An a l t e r n a t i v e  i s  t o  per form p e r i o d i c  i n s e r v i c e  i n s p e c t i o n  loop by l oop  i n  a c o l d  

d ra ined  c o n d i t i o n  us ing  e x i s t i n g  convent ional  methods as i s  done on l i g h t  water  

reac to rs .  We recommend a base l i ne  u l t r a s o n i c  examination o f  these welds c o l d  and 

a f t e r  wet ted w i t h  sodium a t  40OoF. The s t a f f ' s  assessment o f  o t h e r  aspects r e l a t e d  

t o  p i p i n g  i n t e g r i t y  i s  f u r t h e r  discussed i n  Appendix E t o  t h i s  r e p o r t .  . 

The s t a f f  recommends t h a t  t he  o r i g i n a l l y  proposed 

I f  these programs a re  

As p r e v i o u s l y  s ta ted ,  t h e  s t a f f  be l i eves  t h a t  sodium l e a k  de tec to rs  per form an 

impor tan t  s a f e t y  f u n c t i o n ,  ( i . e . ,  knowledge o f  t h e  s t a t u s  o f  t h e  r e a c t o r  coo lan t  

system f o l l o w i n g  a safe shutdown earthquake) and has recommended t o  t h e  P r o j e c t  t h a t  

t h e  sodium aerosol  l e a k  de tec to rs  be s e i s m i c a l l y  q u a l i f i e d  and powered by Class I E  
power such t h a t  t hey  may be r e l i e d  upon f o l l o w i n g  a sa fe  shutdown earthquake. 

t h e r e f o r e  encourage t h e  Department o f  Energy t o  implement these recommendations. 

w i l l  eva luate t h e  P r o j e c t ' s  response i n  a supplement t o  t h i s  repo r t .  

We 

We 
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D. C e l l  L i n e r  Test Plan 

The s t a f f  cons iders t h a t  c e l l  l i n e r s  have an impor tant  s a f e t y  f u n c t i o n  because they 

p reven t  l a r g e  sur face areas o f  concrete from coming i n  con tac t  g i t h  s i g n i f i c a n t  

q u a n t i t i e s  o f  h o t  sodium from pos tu la ted  sodium s p i l l s  o r  leaks. 

The l i n e r s  considered impor tant  are those which may encounter h o t  sodium and inc lude  

those loca ted  i n  t h e  r e a c t o r  c a v i t y ,  t h e  heat  t r a n s p o r t  c e l l s  and t h e  sodium ove r f l ow  

tank  c e l l .  The LT-1 t e s t s  and subsequent smal l -sca le f a i l e d  l i n e r  t e s t  r e s u l t s  were 

encouraging. The t lests i n d i c a t e d  t h a t  FFTF-type c e l l  l i n e r s  were n o t  l i k e l y  t o  f a i l  

when subjected t o  a h o t  sodium s p i l l  and t h a t ,  i f  r e l a t i v e l y  small  areas i n  the  

l i n e r  were open exposing concrete t o  sodium, t h e  sodium-concrete r e a c t i o n  appeared 

t o  be s e l f - l i m i t i n g .  This  i s  an impor tan t  cons ide ra t i on  t o  t h e  r e a c t o r  c a v i t y  and 

heat  t r a n s f e r  systern c e l l s  s ince  these areas, p a r t i c u l a r l y  t h e  r e a c t o r  c a v i t y ,  w i l l  

become r e l a t i v e l y  i naccess ib le  and the  r e a c t o r  c a v i t y  l i n e r s  w i l l  n o t  be r e p a i r a b l e  

once t h e  r e a c t o r  i s  p laced i n  operat ion.  

The P r o j e c t ' s  response t o  t h e  s t a f f  request  t o  propose a t e s t  p l a n  demonstrat ing t h e  

cont inued f u n c t i o n a l  c a p a b i l i t y  o f  t h e  access ib le  c e l l  l i n e r s  over the  l i f e  o f  t h e  

f a c i l i t y  has n o t  been received,  b u t  we understand t h a t  i t  i s  i n  p r e p a r a t i o n  and i t  

w i l l  be submi t ted t o  us. We recommend t h a t  experimental t e s t i n g  w i t h  b o t h  i n t a c t  

and f a i l e d  l i n e r s ,  i n c l u d i n g  f a i l e d  l i n e r  welds, be cont inued t o  show t h a t  i f  f a i l u r e  

i n  t h e  l i n e r s  occur, t h e  p l a n t  w i l l  n o t  have t o  be shut  down. We w i l l  eva luate 

a d d i t i o n a l  t e s t  da ta  as i t  becomes ava i l ab le .  

E. Loose Par t s  M o n i t o r i n g  

It i s  t h e  s t a f f ' s  o p i n i o n  t h a t  t h e  FFTF should be equipped w i t h  a loose p a r t s  

m o n i t o r i n g  system and urges con t inu ing  suppor t  o f  t he  program a t  Argonne Na t iona l  
Laboratory  f o r  developing r e l i a b l e  under-sodium u l t r a s o n i c  detectors .  

a comparable device i s  de,veloped f o r  loose p a r t s  mon i to r i ng ,  we recommend i t s  i n s t a l -  

l a t i o n  i n  t h e  FFTF unless i t  c rea tes  an unan t i c ipa ted  s a f e t y  problem. 

has agreed t o  cont inue support o f  t h i s  a c t i v i t y .  

When t h i s  o r  

The P r o j e c t  

F. Maximum Fuel Channel E x i t  Temperature 

Although the  s t a f f  rev iew i s  l i m i t e d  t o  the  proposed cond i t i ons  o f  i n i t i a l  operat ion,  

e .g. ,  reduced temperature, mixed ox ide core,  and low burn up, we have looked a t  some 

proposed r a t e d  opera t i ng  cond i t i ons .  On the  bas i s  o f  i n f o r m a t i o n  c u r r e n t l y  ava i l ab le ,  

i .e., u n v e r i f i e d  thermal-hydraul ic  codes and u n c e r t a i n t y ' i n  h o t  channel f a c t o r  

values, and i n  order  t o  assure no b o i l i n g  i n  t h e  core,  we recommend i n i t i a l l y  l i m i t i n g  

t h e  maximum f u e l  channel e x i t  temperature t o  1670°F r a t h e r  than  1705OF u n t i l  t h e  

l a t t e r  number can be more f u l l y  supported w i t h  ope ra t i ona l  data. 

accepted our  recommendation. 

The P r o j e c t  has 
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G. Fuel System 

19.4 

The FFTF as a t e s t  r e a c t o r ,  i n  c o n t r a s t  t o  a power reac to r ,  has t h e  f a c i l i t i e s  and 

c a p a b i l i t y  f o r  removal o f  f u e l ,  f o r  disassembly o f  subassemblies, f o r  examination o f  

p ins ,  f o r  reassembly o f  t h e  p i n s  i n t o  subassemblies, and f o r  i n s e r t i o n  back i n t o  the 

reac to r .  Re fue l i ng  i s  scheduled f o r  about 100 day i n t e r v a l s .  

s t r o n g  f u e l  s u r v e i l l a n c e  program i n  FFTF should be supported t o  o b t a i n  b o t h  p r o t o t y p i c  

s teady-state a n d i t r a n s i e n t  f u e l  performance data t o - p r o v i d e  con f i rma to ry  suppor t  f o r  

t h e  FFTF f u e l  design and t o  some degree t h e  methodology used f o r  t he  design o f  t h e  

f u e l .  

p l a n  e x i s t s  and has agreed t o  i t s  implementation. 

p l a n  be submi t ted f o r  our  rev iew when i t  becomes ava i l ab le .  

We b e l i e v e  t h a t  a 

We s t r o n g l y  urge suppor t  o f  t h i s  program. The P r o j e c t  has s t a t e d  t h a t  such a 

We request  t h a t  a copy o f  t h i s  

H. Tornado Condi t ions 

Since i n  the  event o f  a tornado b o t h  t h e  l o s s  o f  a l l  o f f s i t e  and o n s i t e  AC power and 

t h e  l o s s  o f  two main secondary loops can be pos tu la ted ,  a l l  decay heat  from f u l l  

power would have t o  be removed through one tornado missi le-hardened secondary loop. 

W i t h i n  a r e l a t i v e l y  s h o r t  p e r i o d  o f  t ime  2 p l a n t  ope ra to r  would have t o  go t o  t h e  
hardened dump heat  exchanger t o  a d j u s t  o u t l e t  louvers and s t a r t  i s o l a t i n g  t h e  modules. 

Recovery from such an unplanned shutdown r e s u l t i n g  from a tornado w i l l  be hampered 

by  d e b r i s  which may o b s t r u c t  t h e  access o f  p l a n t  operators  and p reven t  c e r t a i n  

operat ions from be ing  c a r r i e d  o u t  i n  a t i m e l y  manner. 

t h e  P r o j e c t  implement i t s  proposal t o  b r i n g  t h e  r e a c t o r  t o  a shutdown s t a t u s  whenever 

meteoro log ica l  c o n d i t i o n s  i n  the  v i c i n i t y  o f  t he  s i t e  a re  conducive t o  fo rma t ion  o f  

a tornado. The P r o j e c t  has agreed t o  t h i s  recommendation. Also, t he  s t a f f  does n o t  

recommend opera t i on  o f  t h e  p l a n t  i n  the  event o f  e r r a t i c  behavior  o f  t h e  check va l ve  

o f  t he  tornado miss i le-hardened hea t  t r a n s f e r  c i r c u i t .  

We t h e r e f o r e  recommend t h a t  

Miscel laneous Unresolved Issues 

The i tems discussed i n  t h i s  s e c t i o n  comprise a l i s t  o f  incomplete o r  unresolved 

issues. They represent  rev iew areas i n  which a recommendation o r  a request  f o r  

i n fo rma t ion  has been made t o  t h e  P r o j e c t  and f o r  which t h e  P r o j e c t ' s  response o r  t he  

s t a f f ' s  documentation o f  rev iew remains incomplete o r  n o t  resolved a t  t h i s  t ime. 

These issues w i l l  be c losed  o u t  o r  addressed i n  a supplement t o  t h i s  r e p o r t .  

a r e  n o t  expected t o  i n t e r f e r e  w i th  t h e  i n i t i a l  sodium f i l l  s t a r t u p  phase o f  t he  

FFTF. 

r e a c t o r  when weather c o n d i t i o n s  conducive t o  a tornado e x i s t  i n  t h e  v i c i n i t y  o f  t he  

s i t e .  

supply f o r  containment i s o l a t i o n  va l ve  p o s i t i o n  i n d i c a t i o n  have been resolved. 

conclude t h a t  t h e  c o n t r o l  power proposed f o r  t h e  purpose o f  va l ve  p o s i t i o n  i n d i c a t i o n  

i s  acceptable p r o v i d i n g  assurance can be g i ven  t h a t  f a l s e  p o s i t i o n  i n d i c a t i o n s  w i l l  

n o t  occur. 

They 

Since t h e  p r e p a r a t i o n  o f  t h i s  r e p o r t ,  t h e  P r o j e c t  has agreed t o  shut  down t h e  

Because o f  t h i s  agreement t h e  s t a f f ' s  concerns rega rd ing  a Class I E  power 
We 
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(1) The r e v i e d  o f  t h e  c losed loops has been de fe r red  s ince t h e i r  design i s  incomplete. 

The P r o j e c t  has advised t h e  s t a f f  t h a t  these loops w i l l  n o t  be i n s t a l l e d  u n t i l  

t h e  seventh f u e l  cyc le .  We w i l l  address t h i s  sub jec t  i n  a supplement t o  t h i s  

r e p o r t .  

(2) The s t a f f  has n o t  f i n i s h e d  i t s  rev iew o f  convent ional  f i r e  hazards. These w i l l  

be addressed i n  a supplement. The e x i s t i n g  convent ional  f i r e  p r o t e c t i o n  i s  

b e l i e v e d  adequate f o r  t h e  i n i t i a l  sodium f i l l  p r i o r  t o  s t a r t u p  o f  t h e  FFTF. 

Sodium f i r e s  have been addressed i n  t h i s  r e p o r t .  

(3) If n a t u r a l  c i r c u l a t i o n  i s  n o t  adequately demonstrated, t h e  main heat  t r a n s f e r  

system pumps may have t o  be q u a l i f i e d  t o  operate a t  pony motor speeds and 

, w i t h o u t  seal o i l  l u b r i c a t i o n  o r  t h e  seal o i l  pumps w i l l  have t o  s a t i s f y  t h e  

requirements f l o r  s a f e t y - r e l a t e d  equipment, depending on how t h e  i ssue  i s  resolved. 

The P r o j e c t  i s  aware o f  t h i s  p o t e n t i a l  problem. 

(4) We recommend upgrading the  reserve a i r  system a t  t h e  tornado miss i le-hardened 

dump heat  exchanger from Q u a l i t y  Group D t o  Q u a l i t y  Group C f o r  emergency 

opera t i on  o f  va lves and louvers,  which i s  a s a f e t y - r e l a t e d  f u n c t i o n .  The 

P r o j e c t  has agreed t o  upgrading t h e  e x i s t i n g  system i n s o f a r  as p o s s i b l e  w i t h o u t  

r e p l a c i n g  it. 

(5) We have n o t  completed our  rev iew o f  t h e  t y p i c a l  seismic and environmental 

q u a l i f i c a t i o n  procedures used by t h e  P r o j e c t  f o r  s a f e t y - r e l a t e d  inst ruments.  

The P r o j e c t  ha:; t r a n s m i t t e d  these procedures t o  t h e  s t a f f .  We w i l l  address 

these concerns i n  a supplement. 

( 6 )  We had requested t h e  P r o j e c t  t o  p rov ide  an a larm i n  t h e  event o f  ma l func t i on  o f  

t h e  hea t ing  and v e n t i l a t i n g  system f o r  s i t u a t i o n s  where ma l func t i ons  o f  t h i s  

equipment cou ld  cause degradat ion o f  s a f e t y - r e l a t e d  equipment. 
assured t h e  s t a f f  t h a t  t h e  s a f e t y - r e l a t e d  equipment was q u a l i f i e d  f o r  t h e  most 

severe environmental ?ond i t i ons .  Documentation has been 'prov ided r e c e n t l y  b u t  

has n o t  been rerviewed. 

The P r o j e c t  

Th is  sub jec t  w i l l  be addressed i n  a supplement. 

(7) The s t a f f  has n o t  completed i t s  rev iew o f  p r o t e c t i v e  system ins t rumen ta t i on  

exposed t o  high1 l e v e l s  o f  r a d i a t i o n  and w i l l  address t h i s  concern i n  a supplement. 

(8) We recommend, i n  l i e u  o f  removal o f  s a f e t y - r e l a t e d  sensors f o r  t ime  response 

t e s t i n g  due t o  a l l -we lded  cons t ruc t i on ,  t h a t  o u t p u t  parameters o f  o t h e r  sensors 

be compared d u r i n g  t r a n s i e n t  events such as scram t o  demonstrate t h a t  no degradat ion 

o f  sensor t ime  response has occurred. The P r o j e c t  i s  i n  accord w i t h  t h i s  

procedure and r e s o l u t i o n  of t h i s  i ssue  w i l l  be addressed i n  a supplement. 

(PI We recommend t h a t  t h e  P r o j e c t  i d e n t i f y  those c i r c u i t s  and equipment i n  t h e  

containmhnt i s o l a t i o n  system which have n o t  been q u a l i f i e d  t o  M I L  HDBK 217 

c r i t e r i a  and show t h a t  t h e  o v e r a l l  r e l i a b i l i t y  o f  t h e  system i s  n o t  a f fec ted .  
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The Project has agreed to supply additional information which we will address 
in a supplement. 

(10) The Project has committed to providing a shutdown status display for the post- 
accident monitoring of the reactor. We request documentation of how this will 
be done and will address it in a supplement. 

(11) We recommend bellows-sealed pressure transducers for measuring contaiment 
pressure rather than the spin orifice plate used by the Project. 
does not consider this necessary. This will be addressed in a supplement. 

The Project 

(12) We recommend 18 valves as part of containment isolaton be given type C tests. 
We The Project has committed to do this and will provide the documentation. 

will address this in a supplement. 

(13) The staff has not reviewed the environmental qualifications for Class IE elec- 
trical equipment and terminal blocks. The Project has agreed to supply additional 
information. This will be addressed in a supplement. 

(14) We have recommended independent and redundant valve position indication on 
primary and secondary heat transport system sodium valves. 
stated that valve position indication is displayed at all times. 
this concern can be satisfactorily resolved. The resolution of this item will 
be reported in a supplement. 

The Project has 
We believe 

(15) We recommend that electrical penetrations through containment be provided with 
breakers rather than fuses. The Project has responded that the use of fuses is 
in compliance with Regulatory Guide 1.68 (1973) and it would not be .cost bene- 
ficial to replace them with breakers. 
a supplement to this report. 

We will reconsider.our recommendation in 

(16) The equipment air lock escape hatch indicator i s  not on Class IE power. The 
Project states this display is on control power. ,We find this acceptable. 
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APPENDIX A 

CHRONOLOGY OF RADIOLOGICAL REVIEW 

FAST FLUX TEST FACILITY 

NOTE: Documents re ferenced i n  t h i s  chronclogy a re  a v a i l a b l e  f o r  p u b l i c  i n s p e c t i o n  and 

copying f o r  a fee at. t h e  NRC Pub l i c  Document Room 1717 H S t r e e t ,  N.W., Washington, 

DC. 

March 25, 1976 Submit ta l  o f  t h e  F i n a l  Safety  Analys is  Report (FSAR) f o r  t h e  

Fast  F lux  Test  F a c i l i t y  (FFTF) by the  U.S. Energy Research and 

Development Admin i s t ra t i on  (ERDA) 

March 31, 1976 Submit ta l  o f  t h e  Technical S p e c i f i c a t i o n s  f o r  t h e  FFTF 

May 11, 1976 

June 11, 1976 

J u l y  20-21, 1976 

August 13, 1976 

August 20, 1976 

September 3, 1976 

September 13, 1976 

Meeting i n  Bethesda w i t h  ERDA s t a f f  t o  d iscuss t h e  q u a l i t y  

assurance program 

L e t t e r  t o  ERDA (T. Speis t o  R. Ferguson) t r a n s m i t t i n g  a s t a f f  

eva lua t i on  r e p o r t  o f  Appendix B o f  the  FSAR, Primary P i p i n g  

I n t e g r i t y ,  and reques t ing  a d d i t i o n a l  i n f o r m a t i o n  i n  t h i s  area 

Meeting i n  Bethesda w i t h  ERDA s t a f f  t o  d iscuss n a t u r a l  convect ion 

L e t t e r  t o  ERDA (R. Boyd t o  R. Ferguson) a d v i s i n g  t h a t  accept- 
ance rev iew o f  t h e  FSAR has been completed; t h a t  based on 

understanding reached d u r i n g  7/21/76 meeting the  FSAR i s  

accepted.for d e t a i l e d  review; and reques t ing  a d d i t i o n a l  

i n fo rma t ion  r e s u l t i n g  from acceptance rev iew 

L e t t e r  from ERDA (R. Ferguson t o  R. Denise) p r o v i d i n g  c l a r i f i -  

c a t i o n  re.garding t h e  scope o f  NRC rev iew t h a t  i s  be ing requested 

I i e t t e r  t o  ERDA (R. Denise t o  R. Ferguson) adv i s ing  t h a t  NRC 

w i l l +  proceed w i t h  rev iew as proposed i n  8/20/76 l e t t e r ,  n o t i n g  

*several p o i n t s  t h a t  should be g iven f u r t h e r  considerat ion,  and 

t r a n s m i t t i n g  a rev iew schedule 

I -e t te r  t o  ERDA (T. Speis t0.R. Ferguson) reques t ing  a d d i t i o n a l  

in format ion rega rd ing  containment 
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September 15, 1976 

September 17, 1976 

October 18, 1976 

October 28, 1976 

November ,17, 1976 

November 24. 1976 

January 7, 1977 

January 7, 1977 

January 14, 1977 

January 19, 1977 

January 28, 1977 

February 8, 1977 

February 15, 1977 

Submit ta l  o f  Supplement 2 t o  FSAR, c o n s i s t i n g  o f  responses t o  

l e t t e r  o f  6/11/76 i n  t h e  area o f  p i p i n g  i n t e g r i t y  

S i t e  v i s i t  and meeting w i t h  ERDA s t a f f  i n  Richland t o  d iscuss 

t h e  e l e c t r i c a l  system, p i p i n g  i n t e g r i t y ,  reac to r  c a v i t y  l i n e r ,  

n a t u r a l  convect ion s tud ies  and pump problems 

Submit ta l  o f  Supplement 1 t o  FSAR, c o n s i s t i n g  o f  responses t o  

l e t t e r  dated 8/13/76 

Meeting i n  Bethesda w i t h  ERDA s t a f f  t o  discuss s e l e c t i o n  o f  

h o t  channel f a c t o r s ,  t h e i r  combination and a p p l i c a t i o n  and 

update on n a t u r a l  convect ion analyses 

Submiktal o f  'Supplement 3 t o  FSAR, c o n s i s t i n g  o f  f u r t h e r  

responses t o  1 e t t e r  'dated 8/13/76 

Submit ta l  o f  Supplement 4 t o  FSAR, c o n s i s t i n g  o f  cross references 

c o r r e l a t i n g  FSAR and SDDs t o  NRC Standard Format and Content 

o f  Sa fe ty  Analys is  Reports, LMFBR E d i t i o n  

Submit ta l  o f  Supplement 5 t o  FSAR, c o n s i s t i n g  o f  responses t o  

l e t t e r  dated 9/13/76 

Submit ta l  of Amendment 2 t o  FSAR, c o n s i s t i n g  o f  q u a l i t y  assur- 

ance r e v i s i o n s  

L e t t e r  t o  ERDA (T. Speis t o  R. Ferguson) reques t ing  a d d i t i o n a l  

i n fo rma t ion  i n  t h e  areas of mechanical and s t r u c t u r a l  engineer- 

i ng ,  r e a c t o r  ana lys i s  and core performance 

Submit ta l  o f  Amendment 1 t o  FSAR, c o n s i s t i n g  o f  r e v i s i o n s  t o  
t h e  p l a n t  p r o t e c t i o n  and b u i l d i n g  e l e c t r i c a l  systems 

L e t t e r  t o  ERDA (T. Speis t o  R. Ferguson) reques t ing  a d d i t i o n a l  

i n f o r m a t i o n  on acc iden t  analyses, r a d i o l o g i c a l  assessment and 

meteorology 

Submit ta l  o f  Amendment 3 t o  FSAR, c o n s i s t i n g  o f  r e v i s i o n s  t o  

s a f e t y  fea tu res ,  a u x i l i a r y  systems and emergency p lann ing  

L e t t e r  t o  ERDA (T. Speis t o  R. Ferguson) reques t ing  a d d i t i o n a l  

i n f o r m a t i o n  concerning h o t  channel f a c t o r s  
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February 16, 1977 

Grs 

March 18, 1977 

March 21, 1977 

March 29, 1977 

A p r i l  4, 1977 

A p r i l  20, 1977 

A p r i l  22, 1977 

May 2, 1977 

May 4, 1977 

L e t t e r  from ERDA (R. Ferguson t o  R. Denise) reques t ing  t h a t  

rev iew schedule n o t  be delayed and, i f  poss ib le ,  completed by 

A ~ g u s t ~ ' 1 9 7 8  

Submit ta l  o f  Amendment 4 t o  FSAR, c o n s i s t i n g  o f  r e v i s i o n s  t o  
s a f e t y  fea tu res ,  i ns t rumen ta t i on  and c o n t r o l s ,  r a d i a t i o n  

p r o t e c t i o n  and q u a l i t y  assurance 

L e t t e r  f rom ERDA (R. Ferguson t o  R. Denise) a d v i s i n g  o f  r e v i -  
s ions t o  i n i t i a l  ope ra t i on  cond i t i ons  

L e t t e r  t o  ERDA (T. Speis t o  R. Ferguson) a d v i s i n g  t h a t  due t o  

l a t e  r e c e i p t  o f  some m a t e r i a l  and references and problems 
be ing  encountered, t h e  rev iew schedule may s l i p  t o  December 

1978 o r  January 1979 

Submit ta l  o f  Supplement 6 t o  FSAR, c o n s i s t i n g  o f  responses t o  

l e t t e r  dated 1/14/77 

Submit ta i  o f  Supplement 7 t o  FSAR, cons 

l e t t e r  dated 2/15/77 

c 

Submit ta l  o f  Supplement 8 t o  FSAR, cons 

l e t t e r  dated 1/28/77 

s t i n g  o f  responses t o  

s t i n g  o f  responses t o  

L e t t e r  t o  ERDA (T. Speis t o  R. Ferguson) reques t ing  a d d i t i o n a l  

i n io rmat ion  concerning power systems 

Submit ta l  o f  Amendment 5 t o  FSAR, c o n s i s t i n g  o f  r e v i s i o n s  made 
i n  response t o  l e t t e r  dated 1/14/77 

L e t t e r  t o  ERDA,(T. Speis t o  R. Ferguson) reques t ing  a d d i t i o n a l  

in format ion concern ing . .  react0.r a n a l y s i s  
1 ,  

May 9, 1977 

'Submittal of Amendment' 7 t o  FSAR, c o n s i s t i n g  o f  r e v i s i o n s  made 

I n  response' t o  l e t t e r  dateh i / i 4 / j 7  
I - 1  d . .  

May 23, 1977 
i *  

I .  - . < , I  I , < "  

May 26, 1977 Meeting i n  Bethesda w i t h  ERDA s t a f f  t o  d 

f sjchedule. and,progrFsS o f  c o n s t r u c t i o n  

, I  

June 9, 1977 L e t t e r  t o  ERDA (TI Speis t o "  R. Ferguson) 

i Information* concern ing fue l  periormance 

June 15, 1977 

scuss t h e  rev iew 

request ing a d d i t i o n a l  

L e t t e r  t o  ERDA (T. Spels t o  R.. Ferguson) reques t ing  an evalua- 

t i o n  on t h e  s t a t u s  o f  d i f f u s e  m a t e r i a l  r e l a t i n g  t o  f i r e s  and a 

c:oeprehensive f i r e  hazards a n a l y s i s  r e p o r t  
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June 17, 1977 

June 30, 1977 

J u l y  13, 1977 

J u l y  14, 1977 

J u l y  14, 1977 

J u l y  18, 1977 

J u l y  22, 1977 

J u l y  27, 1977 

August 8, 1977 

August 9, 1977 

August 17, 1977 

August 17, 1977 

August 19, 1977 

Meeting i n  Bethesda w i t h  ERDA s t a f f  t o  d iscuss t h e  seismic 

design o f  b u i l d i n g  s t r u c t u r e s  

Meeting i n  Bethesda w i t h  ERDA s t a f f  t o  discuss core thermal- 

h y d r a u l i c  analyses, h o t  channel f a c t o r s  and power l e v e l  c o n t r o l  

L e t t e r  from ERDA (R. Ferguson t o  R. Denise) p r o v i d i n g  informa- 

t i o n  on comprehensive f i r e  hazards eva lua t i on  

L e t t e r  t o  ERDA (T. Speis t o  R. Ferguson) request ing a d d i t i o n a l  

i n f o r m a t i o n  on q u a l i t y  assurance 

L e t t e r  from ERDA (R.  Ferguson t o  R. Denise) a d v i s i n g  t h a t  i t  

i s  n o t  necessary f o r  NRC rev iew t o  i n c l u d e  t h e  areas o f  safe- 

guards and s e c u r i t y  

L e t t e r  t o  ERDA (T. Speis t o  R. Ferguson) reques t ing  a d d i t i o n a l  

i n f o r m a t i o n  on r e a c t o r  systems 

Submit ta l  o f  Amendment 6 t o  FSAR, c o n s i s t i n g  o f  r e v i s i o n s  and 

s a f e t y  assessment r e p o r t  which r e f l e c t s  change from Mobil-therm 

t o  wa te r /g l yco l  m ix tu re  coo lan t  i n  c e r t a i n  p o r t i o n s  o f  i n -  

containment i n e r t  gas and a i r  c o o l i n g  systems 

L e t t e r  t o  ERDA (T. Speis t o  R. Ferguson) reques t ing  a d d i t i o n a l  

i n f o r m a t i o n  on q u a l i t y  assurance, hydrology and meteorology 

L e t t e r  from ERDA (R. Ferguson t o  R. Denise) concerning t h e  

establ ishment  o f  magnitude o f  c u r r e n t  seismic design margins 

L e t t e r  t o  ERDA (T.  Speis t o  R. Ferguson) reques t ing  a d d i t i o n a l  

i n f o r m a t i o n  on c e l l  l i n e r s  

L e t t e r  t o  ERDA (T. Speis t o  R. Ferguson) reques t ing  a d d i t i o n a l  

i n f o r m a t i o n  i n  t h e  area o f  mechanical engineer ing and acc iden t  

ana lys i s  

L e t t e r  from ERDA (R.  Ferguson t o  R. Denise) t r a n s m i t t i n g  p lans  

f o r  i n s e r v i c e  t e s t i n g  o f  s a f e t y - r e l a t e d  pumps and va lves 

L e t t e r  t o  ERDA (T. Speis t o  R. Ferguson) reques t ing  a d d i t i o n a l  

i n f o r m a t i o n  on i ns t rumen ta t i on  and q u a l i t y  c o n t r o l  
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August 29, 1977 ds 
August 31, 1977 

September 2, 1977 

September 9, 1977 

September 9, 1977 

Sept.ember 20-22, 1977 

September 27, 1977 

October 5, 1977 

October 14, 1977 

October 18, 1977 

October 19, 1977 

October 21, 1977 

L e t t e r  t o  ERDA (T. Speis t o  R. Ferguson) reques t ing  a d d i t i o n a l  

i n f o r m a t i o n  on t h e  containment systems 

L e t t e r  from ERDA (R.  Ferguson t o  R .  Denise) p r o v i d i n g  responses 

t o  questions on h o t  channel f a c t o r s  

L e t t e r  t o  ERDA (T. Speis t o  R. Ferguson) reques t ing  a d d i t i o n a l  

i n f o r m a t i o n  on m a t e r i a l s  

Submi t ta l  o f  Supplement 10 t o  FSAR, c o n s i s t i n g  o f  responses t o  

questions i n  t h e  e l e c t r i c a l  area 

Submit ta l  o f  Supplement 11 t o  FSAR, c o n s i s t i n g  o f  responses t o  

requests f o r  a d d i t i o n a l  i n f o r m a t i o n  

S i t e  v i s i t  and meeting i n  Rich land w i t h  ERDA s t a f f  t o  d iscuss 

the  c u r r e n t  p r o j e c t  schedule 

Meeting i n  Bethesda w i t h  ERDA s t a f f  t o  d iscuss t h e  f i r e  hazards 

ana lys i s  r e p o r t  

Submi t ta l  o f  Amendment 10 t o  FSAR, c o n s i s t i n g  o f  r e v i s i o n s  t o  

h o t  channel f a c t o r s  

Submit ta l  o f  Supplement 16, P a r t  I t o  FSAR, c o n s i s t i n g  o f  re -  

sponses t o  questions on meteorology 

L e t t e r  t o  Department o f  Energy (DOE-formerly ERDA) (T. Speis 

t o  R. Ferguson) reques t ing  a d d i t i o n a l  i n f o r m a t i o n  on power 
systems and p o s s i b l e  e r r o r  i n  SPRAY code 

Meeting i n  Bethesda w i t h  DOE staf;f  t o  d iscuss the  r e a c t o r  

c a v i t y  l i n e r  

Submi t ta l  o f  Supplement 15 and Amendment 14 t o  FSAR, c o n s i s t i n g  

o f  q u a l i t y  assurance r e v i s i o n s  

. .  r , - .  

OctobeP 26, 1977 Submit ta l  o f  Supplement 1.2, P a r t  I1 
responses t o  remaining quest ions i n  

November 1, 1977 Submit ta l  o f  Supplement 14 t o  FSAR, 
I .  

quest ions on conduct o f  operat ions 

t o  FSAR, c o n s i s t i n g  o f  

t h e  area o f  core performance 

c o n s i s t i n g  o f  responses t o  

November 11, 1977 L e t t e r  t o  DOE (T. Speis t o  R. Ferguson) reques t ing  a d d i t i o n a l  

i n f o r m a t i o n  on containment margins f o r  post -acc ident  heat  

removal 
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November 16, 1977 

November 25, 1977 

December 7, 1977, 

Submi t ta l  o f  Supplement 13, P a r t  I t o  FSAR, c o n s i s t i n g  o f  r e -  

sponses t o  l e t t e r  dated 11/18/77 

L e t t e r  t o  DOE (T. Speis t o  R. Ferguson) 

i n f o r m a t i o n  on r e a c t o r  systems 

Submit ta l  o f  Amendment 13 t o  FSAR, cons 

i n f o r m a t i o n  i n  response t o  l e t t e r  dated 

December 12, 1977 Submit ta l  o f  Amendment 11 t o  FSAR, cons 

request ing a d d i t i o n a l  

s t i n g  o f  rev i sed  

6/9/77 

s t i n g  o f  rev i sed  

i n f o r m a t i o n  i n  response t o  l e t t e r  dated 7/18/77 

December 12, 1977 Submit ta l  o f  Amendment 15 t o  FSAR, c o n s i s t i n g  o f  r a d i a t i o n  
p r o t e c t i o n  r e v i s i o n s  

December 13, 1977 ' Submi t ta l  o f  Supplement 16, P a r t  I1 t o  FSAR, c o n s i s t i n g  o f  

responses t o  l e t t e r  dated 8/17/77 

December 13, 1977 

December 13, 1977 

December 13, 1977 

Submit ta l  o f  Supplement 17 t o  FSAR, c o n s i s t i n g  o f  responses t o  

quest ions on c e l l  l i n e r s  

Submit ta l  o f  Supplement 21 t o  FSAR, c o n s i s t i n g  o f  responses t o  

l e t t e r  dated 9/2/77 

Submit ta l  o f  Supplement 24 t o  FSAR, c o n s i s t i n g  o f  responses t o  

quest ions concerning SPRAY computer code 

December 16, 1977 L e t t e r  t o  DOE (T. Speis t o  R. Ferguson) reques t ing  a d d i t i o n a l  

i n f o r m a t i o n  on a u x i l i a r y  systems 

December 16, 1977 L e t t e r  t o  DOE (T. Speis t o  R. Ferguson) reques t ing  a d d i t i o n a l  

i n f o r m a t i o n  on f i r e  p r o t e c t i o n  

December 16, 1977 Submit ta l  o f  Supplement 19 t o  FSAR, c o n s i s t i n g  o f  responses t o  

l e t t e r  dated 2/15/77 

December 16, 1977 Submit ta l  o f  Supplement 22 t o  FSAR, c o n s i s t i n g  o f  responses t o  

l e t t e r  dated 10/18/77 

December 16, 1977 Submit ta l  o f  Supplement 23 t o  FSAR, c o n s i s t i n g  o f  responses t o  
I ) ,  l e t t e r  dated 11/11/77 

December 20, 1977 Submit ta l  o f  Supplement 20 t o  FSAR, c o n s i s t i n g  o f  responses t o  

l e t t e r  dated 8/29/77 
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December 20, 1977 

December 31, 1977 

January 9, 1978 

January 9, 1978 

January 9, 1978 

January 9, 1978 

January 17, 1978 

January 23, 1978 

January 30, 1978 

January 31, 1978 

February 7, 1978 

February 13, 1978 

.r . 

February 16, 1978 

Submittal of Amendment 16 to FSAR, consisting of revised 
information in response to letter dated 8/29/77 

Submittal of Supplement 25 to FSAR, consisting o f  responses to 
letter dated 12/16/77 

Submittal of Amendment 12 to FSAR, consisting of revised 
information in response to letter dated 2/15/77 

Submittal of Amendment 18 to FSAR, consisting of revised 
information in response to letter dated 10/18/77 

Submittal o f  Amendment 19 to FSAR, consisting of revised 
information in response to letter dated 2/15/77 

Submittal of Amendment 20 to FSAR, consisting of revised 
information in response to letter dated 12/16/77 

Letter to DOE (R. Denise to R. Ferguson) advising that if NRC 
review does not include areas of safeguards and security, it 
will not be fully comparable to a licensed facility review 
and,.therefore, no conclusions can be reached in these areas 

Letter to DOE (T. Speis to R. Ferguson) requesting additional 
information on reactor systems and quality assurance operations 

Submittal of Amendment 21 to FSAR, consisting of revised 
information on hot leg pipe rupture 

Letter from DOE (A. Rizzo to R. Denise) transmitting responses 
to letter dated 11/11/77 , 

Submittal of Supplement 26 to FSAR, consisting of responses to 
letter dated 11/25/77 

Letter to DOE (T. Sp6is to R. Ferguson) advising that staff is 
still concerned about the adequacy of containment margins and 
reguesting;two*base case studies using parameters provided 

Submittal of Supplement 28 to FSAR, consisting of responses to 

I .  - .  - - 1  

., I (, , . . C P  

.I I . . questions on piping systems , 

February 17, 1978 Submittal of Amendment 22 to FSAR, consisting o f  revised infor- 
.mation in response to letter dated. 9/2/77 
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February 24, 1978 

March 8, 1978 

March 9, 1978 

March 9, 1978 

March 17, 1978 

March 27, 1978 

March 29, 1978 

A p r i l  4-7, 1978 

A p r i l  10, 1978 

A p r i l  18, 1978 

A p r i l  26, 1978 

A p r i l  28, 1978 

May 4, 1978 

May 16, 1978 

Submit ta l  o f  Amendment 24 t o  FSAR, c o n s i s t i n g  o f  rev i sed  

i n f o r m a t i o n  i n  response t o  l e t t e r  dated 7/18/77 

Submit ta l  o f  Supplement 20 t o  FSAR, c o n s i s t i n g  o f  responses t o  

requests f o r  a d d i t i o n a l  i n f o r m a t i o n  

Submit ta l  o f  Amendment 23 t o  FSAR, c o n s i s t i n g  o f  rev i sed  

i n f o r m a t i o n  

Submit ta l  o f  Amendment 26 t o  FSAR, c o n s i s t i n g  o f  r e v i s e d  

i n f o r m a t i o n  

Submit ta l  o f  Amendment 9 t o  FSAR, c o n s i s t i n g  o f  a r e v i s e d  

Emergency Plan 

L e t t e r  from DOE (A. Rizzo t o  R. Denise) responding t o  

ou ts tand ing  requests  f o r  i n f o r m a t i o n  

Meeting i n  Bethesda w i t h  DOE s t a f f  t o  d iscuss t h e  containment 

margins 

S i t e  v i s i t  and meeting w i t h  DOE s t a f f  i n  Rich land t o  d iscuss 

i ns t rumen ta t i on  and c o n t r o l  t o p i c s  

Submit ta l  o f  Supplement 27 t o  FSAR, c o n s i s t i n g  o f  responses t o  

l e t t e r  dated 1/23/78 

Submit ta l  o f  Supplement 24 t o  FSAR, c o n s i s t i n g  o f  updated 

i n f o r m a t i o n  on m o d i f i c a t i o n s  being made t o  SPRAY code 

L e t t e r  from DOE (A. Rizzo t o  R. Denise) t r a n s m i t t i n g  a d d i t i o n a l  

i n f o r m a t i o n  on seismic q u a l i f i c a t i o n  o f  i ns t rumen ta t i on  and 

c o n t r o l  equipment 

Meeting i n  Bethesda w i t h  DOE s t a f f  t o  d iscuss t h e  proposed 

n a t u r a l  c i r c u l a t i o n  v e r i f i c a t i o n  t e s t  program 

L e t t e r  from ERDA (A. Rizzo t o  R. Denise) responding .to NRC 

concerns rega rd ing  cpntainment margins 

L e t t e r  t o  DOE (T. Speis t o  R. Ferguson) reques t ing  necessary 

i n fo rma t ion  d e a l i n g  w i t h  e l e c t r i c a l  power and containment 

leakage t e s t i n g  
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May 31, 1978 

June 2, 1978 

June 13, 1978 

June 13, 1978 

J u l y  12, 1978 

L e t t e r  froin DOE (R. Ferguson t o  R. Denise) i n  response t o  

4/26/78 l e t t e r ,  reques t ing  t h a t  comparison aga ins t  1971 LWR 

c r i t e r i a  n o t  be i nc luded  i n  o v e r a l l  rev iew scope 

L e t t e r  from DO€ (A. Rizzo t o  R. Denise) t r a n s m i t t i n g  responses t o  NRC 

p o s i t i o n  on e l e c t r i c a l  power 

L e t t e r  from DO€ (A. Rizzo t o  W. Gammill) reques t ing  t h a t  t he  

c losed  loop p l a n t  p r o t e c t i o n  system design be excluded from 

scope o f  rev iew c u r r e n t l y  i n  progress 

Submit ta l  o f  Amendment 27 t o  FSAR, c o n s i s t i n g  o f  i n f o r m a t i o n  

rega rd ing  environmental q u a l i f i c a t i o n  o f  s a f e t y - r e l a t e d  
equipment 

ACRS Subcommittee meeting 
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APPENDIX B 

REFERENCE LETTERS 

UNITED STATES 

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 
DIVISION OF REACTOR RESEARCH AND DEVELOPMENT 

F A S T  F L U X  TEST F A C I L I T Y  PROJECT O F F I C E .  
P 0 BOX 550 

R I C H L A N D ,  WASHINGTON 99352 

&OV 13 1975 

Nuclear Regulatory  Commission 
ATTN: Mr .  R. P. Denise, A s s i s t a n t  D i r e c t o r  

Washington, 0. C. 20555 

Gent 1 emen: 

References: 

f o r  Advanced Reactors 

(1 )  

( 2 )  

L e t t e r  dated August 7, 1975, R. P. Denise, NRC, t o  
T. A. Nemzek, RRD-HQ, rega rd ing  the  FFTF FSAR Review 

L e t t e r  dated August 12, 1975, R. P. Denise, NRC, t o  
R. L. Ferguson, FFTFPO, regard ing a d d i t i o n a l  docu- 
mentat ion of t he  consequences o f  a pos tu la ted  loss o f  
in-vessel  pos tacc iden t  heat  removal 

I n  you r  August 7 ,  1975, l e t t e r  t o  Mr .  T. A. Nemzek [ re ference (111, you 
requested conf i rmat ion o f  o u r  p lans f o r  NRC review o f  t he  FFTF F i n a l  
Safety Analys is  Report (FSAR). As i n d i c a t e d  i n  ou r  November 5, 1975, 
discussions, the f o r e c a s t  date f o r  submi t ta l  o f  t h e  FFTF FSAR f o r  NRC 
rev iew  i s  March, 1976. I t  i s  requested t h a t  t he  NRC rev iew  be ta rge ted  
fo r  completion approx imate ly  two years a f t e r  submi t ta l .  
the same rev iew t ime t h a t  you have i n d i c a t e d  i s  normal ly  r e q u i r e d  f o r  
rev iew o f  l i c e n s e d  p lan ts .  

Regarding the  scope o f  t he  NRC assessment, we request  that-based on 
review o f  app rop r ia te  design documentation and sa fe ty  eval  uations-NRC 
p rov ide  adv ice rega rd ing  the adequacy of t he  FFTF design t o  ensure sa fe  
ope ra t i on  o f  the p lan t .  
o f  "as b u i l t "  con f i gu ra t i ons ,  c o n s t r u c t i o n  aud i t s ,  eva lua t i on  of accep- 
tance t e s t  program r e s u l t s ,  e tc . ,  t o  v e r i f y  t h a t  t he  p l a n t  i s , cons t ruc ted  
i n  accordance w i t h  design c r i t e r i a  and documentation. 
a re  accomplished w i t h i n  the  ERDA o r g a n i z a t i o n  as r e q u i r e d  by ERDA 
Manual Chapter 0540. Enclosure 1 i s  a b r i e f  summary o f  the safety  
reviews prov ided f o r  FFTF t o  adequately assure p r o t e c t i o n  o f  p u b l i c  
h e a l t h  and s a f e t y  du r ing  a l l  phases o f  p l a n t  c o n s t r u c t i o n  and operat ion.  

It i s  a l s o  our  i n t e n t  t o  s o l i c i t  NRC adv ice rega rd ing  the  adequacy o f  
the FFTF Technics1 S p e c i f i c a t i o n s .  The Technical S p e c i f i c a t i o n s  w i l l  
be prov ided w i t h  the  FSAR i n  March, 1976. Beyond t h e  i n i t i a l  rev iew of 

This  prov ides 

The NRC reviews need n o t  i nc lude  assessments 

These funct ions 



Mr. R .  P .  Denise, NRC - 2 -  

the Technical Specifications,  we ant ic ipate  t h a t  NRC involvement in 
f ina l  approval and review o f  future modifications would be requested on 
a case-by-case basis. 

In addition as you suggested, we proposed t o  continue to address major 
safety issues th rough  separate meetings with the NRC s t a f f  with the goal 
of resolution of these issues.  
(Enclosure 2 )  a proposed schedule fo r  resolving the decay heat removal 
by natural convection and the piping in tegr i ty  issues.  

I n  t h i s  regard, we have enclosed 

Your l e t t e r  a lso requested information about the format t h a t  has been 
u t i l i zed  fo r  the FSAR. The FSAR package i s  composed o f  three par ts :  
( a )  the FSAR, ( b )  the FFTF System Design Descriptions (SDD), and ( c )  
supplementary documentation. Although we have n o t  followed the NRC 
guidelines precisely,  the FSAR portion of the package i s  a coherent 
document which contains a summary plant description and a complete 
p l a n t  safe ty  e v a l u a t i o n .  
(Enclosure 3 ) .  The SDDs are  included as  a p a r t  of the package t o  supply 
additional de ta i l  regarding the design requirements and description and  
a re  referenced as appropriate to  supply back-up information which may be 
used as desired t o  supplement the summary description provided in the 
FSAR. The supplementary documentation l i s t e d  in Enclosure 4 i s  
included in the FSAR package t o  present complete de ta i l  of key topics 
which a re  only summarized in the FSAR i t s e l f .  The FSAR also contains 
references t o  topical reports and  supporting documents as necessary t o  
provide technical j u s t i f i ca t ion  and supporting analysis for  the FSAR 
concl usi ons . 

A l i s t  o f  major topic headings i s  enclosed 

Finally,  your l e t t e r  of August 1 2 ,  1975, (reference ( 2 ) )  requested addi- 
t ional information regarding the evaluations of the consequences of a 
non-mechanistically postulated f a i lu re  of in-vessel post-accident heat 
removal. 
information be combined into a s ingle  cohesive document without reference 
t o  these previous documents. Your l e t t e r  a lso requested tha t  a number 
of areas be c l a r i f i ed  and/or  addressed in more detai l  in t h i s  document. 
Enclosure 5 summarizes the work t h a t  i s  being done t o  resolve the 
questions raised i n  your l e t t e r  and indicates a schedule for  completion. 

Specif ical ly ,  you requested t h a t  existing documents and 

FTF : GDB FFTF Project Office 

A 
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ENCLOSURE 1 

. ‘r 1: :: 

FFTF SAFETY REVIEW 

ERDA Manual Chapter 0540 defines the responsibi l i t ies  and au thor i t ies  to 
assure adequate protection of pub1 i c  health and safety for  ERDA-owned 
reactors,  such as  FFTF. Listed below are  the major organizations which 
are  involved i n  the review of FFTF w i t h  a br ief  statement of the 
f uncti on (s ) performed. 

1. 

2. 

3. 

4. 

5. 

6 .  

7. 

Assistant Administrator fo r  Nuclear Energy - Authorization authority 
for  FFTF operati on. 

Division of Reactor Research and Development ( R R D )  - Overall res- 
ponsibi l i ty  f o r  FFTF including assurance tha t  public health a n d  
safety i s  not affected by FFTF operation. 

Division of Operational Safety (DOS) - Appraises RRD t o  assure 
safety responsibi 1 i t i e s  a re  being discharged adequately. 
information t o  RRD on cer tain safety matters. 

Also Drovides 

Nuclear Regulatory Commission ( N R C )  - Provide advice on request 
from Director, RRCl, regarding safety issues and safety of the FFTF 
des i gn.  

Director, FFTF Project Office, RRD - Direct responsibi l i ty  for FFTF 
safety including a l l  phases of planning, design, construction, QA 
tes t ing,  and operation. 

Assistant Director, Reactor Safety, R R D  - Responsible f o r  conducting 
independent safety reviews of a l l  phases o f  FFTF design, construction, 
tes t ing,  and operation. 

Hanford Engineering a n d  Development Laboratory ( H E D L )  - Responsible 
for  operation of the FFTF. Provides independent safety review. 
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PLANS FOR EARLY RESOLUTION 
OF MAJOR FFTF SAFETY QUESTIONS 

DECAY HEAT REMOVAL BY NATURAL CIRCULATION 

Submittal o f  Final Documentation on 
Natural Circulation t o  NRC 

Meeting w i t h  NRC on Natural Circulation 

NRC Advice and Resolution 

P I PING INTEGRITY 
' 

Technology Meeting on Piping Integri ty  

Submittal of Documentation on FFTF 
Piping Integri ty  

Meeting w i t h  NRC 

NRC Advice and Resolution 

ENCLOSURE 2 

February 1976 

April 1975 

May 1976 

November 1975 

December 1975 

January 1976 

March 1976 

Q 
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CHAPTER 

1 .o 

2.0 

3.0 

4.0 

SECTION - 

1.4 

1.5 

3.1 

3.2.1 

3.2.il 

3.3 

3.4 

3.5 

3.6 

3.7 

3.8 

3.9 

4.1 

4.2 

4.3 

4.4 

LIST OF MAJOR T O P I C  
HEADINGS I N  THE FFTF FSAR 

ENCLOSURE r .  3 
. ,  

1 o f  4 

TITLE 

I n t r o d u c t i o n  and General D e s c r i p t i o n  o f  
P1 a n t  

P r o j e c t  Organizat ion and I d e n t i f i c a t i o n  
o f  P r i n c i p a l  Contractors ,  Consul tants and 
Vendors 

Research and Development 

S i t e  C h a r a c t e r i s t i c s  

Desiqn C r i t e r i a  S t r u c t u r e s  Equipment and 
Svstems 

Seismic C l  ass i  f i c a t i o n  

System Q u a l i t y  Group C l a s s i f i c a t i o n  

Wind & Tornado Loadings 

Water Level  Design 

M i s s i l e  P r o t e c t i o n  

Design C r i t e r i a  f o r  Sodium S p i l l  P r o t e c t i o n  

Seismic Design 

S t r u c t u r a l  and t4echanical Design C r i t e r i a  

Environmental Design o f  Mechanical & E l e c t r i c a l  
Equipment 

Reactor 

System Design Basis  

Design Descr i  p t i  on 

Design V e r i f i c a t i o n  I 

Design Sa fe ty  Eva lua t i on  
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I 

CHAPTER SECTION 

4.5 

5.OA 

5.OB 

6.0 

6.1 

6.2 

6 . 3  

7.0 

7.1 

7.2.1 

7.2.2 

7.3 

7.4 

8.0 

8.1 

8.2 

9.0 

9.1 

9.2 

9.3 

9.4 

9.5 

- 2 -  
Enclosure 3 
2 o f  4 

TITLE - 
Nuclear Eva1 uation 

Reactor Vessel 

Reactor Coolant System 

Containment e( Structures 

Reactor Containment System 

Structures  Other than Containment 

Head Compartment 

Instrumentation & Control 

Plant Protection System 

Reactor Plant Control System 

Closed Loop Instrumentation and Control 
Sys tern 

Instrumentation and Monitoring System 

Digital Data Hand1 ing System 

Electr ical  System 

Offsi t e  Power System 

Onsi te  Power System 

Maintenance Support System 

Auxiliary Liquid Metal System 

Ine r t  Gas Receiving and Processing System 

Heating and Ventilating System 

Impurity Monitoring and Analysis System 

\ 

B -6 

n 



CHAPTER 

10.0 

11.0 

12.0 

13.0 

14.0 

15.0 

SECT1 ON --- 

9.6 

3.7 

9.8 

11.1 

11.2 

11.3 

11.4 

11.5 

11.6 

11.7 

11.8 

11.9 

11.10 

11 .ll 

11.12 

- 3 -  ENCLOSURE 3 
3 of  4 

TITLE 

Serv ice  P i p i n g  System 

Communication System 

P l a n t  F i r e  P r o t e c t i o n  System 

Closed Loop Systems 

Fuel Handl inq System 

Reactor Refue l ing  System 

In-Vessel Handl i n g  Machine (IVHM) 

Closed Loop Ex-Vessel Machi ne (CLEM) and 
Trans po r t e  r 

Loop Prepara t ion  Equipment 

I n t e r i m  Decay Storage (IDS) 

Cond i t i on ing  S ta t i ons  

F1 oo r  Va 1 ves 

P1 ug Handl i ng F i  x tu res  

Core. Component Pot 

, I n t e r i m  Examination and Maintenance C e l l  
Components 

Bottom Loading Trans fer  Cask (BLTC) and 
D o l l y  

Reactor Support  B u i l d i n g  Handl ing Equipment 

Rad ia t i on  P r o t e c t i o n  

Conduct o f  Operat ions 

I n i t i a l  Tes t  & Operat ion 

Sa fe ty  Ana lys is  
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CHAPTER SECTION 

15.1.1 

15.1.2 

15.1.3 ’ 

15.1.4 

15.1.5 

15.1.6 

15.1.7 

15.2 

16.0 

17.0 

- 4 -  ENCLOSURE 3 
4 o f  4 

TITLE 

Introduction 

Reactivity Transients 

Loss of Cooling 

Fuel El ement Fai 1 ure  Propopagator ( F E F P )  

Natural Phenomena 

In-Vessel Fuel Hand1 ing 

CLS Safety Analysis 

Ex- Re actor  Sa f e ty An a1 yses 

Qual i t.y Assurance 

Technical Specifications (preliminary) 

Hypothetical Analysis for Test o f  
Con t a  i nmen t 

P i p i n g  Integri ty  Evaluation 

Fuel Element Failure Propagation (FEFP) 

Materials Specifications 
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E N C L O S U R E  4 

FSAR PACKAGE DOCUMENTS 

Seismic Design Cr i te r ia  f o r  the FFTF 

Design Thermal Transients for  the FFTF 

Revised Load Histogram for the FFTF HTS 

Nuclear Systems Materials Handbook 

Safety Assurance Summary 

Evaluation of the FFTF FPS Response to Loss 
of Heat Removal Events 

Evaluation of the FFTF During Reactivity 
Trans i en t s  

Users Guide for  I r radiat ion of Experiments 
in the FTR 

CLIRA Safety Analysis Report 

FFTF S t a r t u p  Test Plan 

Loss-of-Flow ( L O F )  HCDA Analysis 

JABE- WADCO-02 

FFP-664 

FFP-904 

TID-26666 

HEDL-TME-75-76 

FPC-1024 

FRT-692 

H E D L - M G - 2 2  

HEDL-TC-190 

HEDL-MG-35 

Report on the Core Disruptive Phase of 
an Unprotected Flow Coastdown Accident 
in FTR ANL/RAS 74- 16 

Report on the Analysis of the In i t i a t ing  
Phase of a Loss-of-Flok; (without scram): 
Accident i n  FTR ANL/RAS 74-24 

I .  > '  . >  

HEDL-TME 75-50 
An Analysis of the Unprotecteij Transient- 

Over-Power (TOP) Acc'ident fo r  the FFTF ' ' 
- 

HCDA Requirements-' and  I-oadirigs'" f o r  FFTF 4 

.t > 

Design Evaluation * FS-257 

Failure Modes and Effects, Analysis. ~ f o r J t h e '  ' 

FFTF RSS and HTS WARD-21 71-48 
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EPICLOSURE 5 

PLAN FOR RESPONSE TO REQUEST FROM NRC 
FOR ADDITIONAL INFORMATION 011 

FFTF POST-ACCIDENT 
HEAT REMOVAL 

TASK 1 -- Reactor Cavity Liner Evaluation 

A l i n e r  i n t eg r i ty  evaluation report  will  be issued as a "preliminary" 
report  by November 30, 1975. Liner venting t e s t  will be completed 
and a vent system design f inal ized by April 30, 1976. 
"preliminary" report  will  be updated t o  r e f l ec t  the venting t e s t  and 
venting design d e t a i l s  and will  be issued as  a " f ina l"  report  by 
June  30, 1976. 

The 

TASK 2 -- Consolidation of Existing Information 

The two HEOL preliminary reports,  

( a )  

( b )  

Post-Accident Heat Removal Containment Transients, and 

Radiological Evaluation of a Postulated FFTF Core Me1 t-Through 
Acc i dent 

wi l l  be updated t o  incorporate subsequent analyses which were re- 
f lec ted  i n  l a t e r  presentations o r  l e t t e r s  t o  NRC and will  be issued 
as f ina l  reports by June 30, 1976. 

TASK 3 -- DebrSs Formation Following a Postulated Melt-Through 

ANL wil l  prepare a l e t t e r  report  by March 1 ,  1975, on the current 
best assessment of debris formation and sodium ava i l ab i l i t y  following 
a postulated melt-through covering: 

( a )  penetration of the reactor  vessel in to  the flat-bottom guard 
vessel ,  and 

( b )  penetration of the guard vessel onto the reactor cavi ty  f loor .  

63 
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ENCLOSURE 5 
2 o f  2 

TASK 4 -- Eva lua t i on  o f  Containment A l t e r n a t i v e s  

- 
f ea tu res  such a s  'venting, purg ing o r  atmosphere cleanup a r e  
warranted. 
1976. 

A r e p o r t  on t h i s  task w i l l  be completed by December 

TASK 5 -- C l a r i f i c a t i o n  - o f  P r i o r  I n f o r m a t i o n  

E x i s t i n g  data w i l l  be evaluated and f u r t h e r  analyses performed t o  
e s t a b l i s h  containment ope ra t i ona l  requirements f o r  pos tu la ted  
me1 t - t h r o u q h  c o n d i t i o n s  and t o  assess whether a d d i t i o n a l  desiqn 

1, 

on 

These tasks w i l l  address a l l  o f  t he  p o i n t s  r a i s e d  by t h e  NRC l e t t e r  o f  

NRC comments i n d i c a t e d  a 
which has been presented. 
these p o i n t s  by December 

August 5, 1975, as shown below: 

TASK 

ack o f  understand 
A l e t t e r  w i l l  be 

5, 1975. 

1. Reactor Cav i t y  L i n e r  Eva lua t i on  

2. Conso l i da t i on  o f  E x i s t i n g  I n f o r m a t i o n  

3. Debr is  Formatiion 

4. Eva lua t i on  o f  Containment A l t e r n a t i v e s  

r ,  

5. C l a r i f i c a t i o n  o f  P r i o r  I n f o r m a t i o n  

ng o f  some i n f o r m a t  
prov ided c l a r i f y i n g  

NRC COMMENTS 

7 ,  8 

Support task 4 and r e f l e c t s  
NRC request  f o r  a "cohesive", 
package o f  documentation 
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U N I T E 3  S r C T E S  

N LJ C L E A H K E G U LATO R Y C 0 ?A ivi I S S I 0 N 
LYASHINGTON. D C 20555 

Project No. 448 

Mr. Robert L. Fcrguson 
Director, FFTF Project O f f  i ce  

Rithland, I.!ashington 3?353 
P. 0. BOX 550 . 

Dear Mr. Ferguson:‘ 

On January 20, 1976 copies of  Appendix B of the FFJF FSAR, Primary P i p i n g  
In tegr i ty ,  were t r ansn i t t ed  t o  NRC f o r  i t s  review i n  advznce o f  the com- 
plete’ FSAR submittal. 
February 25, 1976 between the l lRC S t a f f  and the FFTF Froject (HEDL/ERDA) 
t o  discuss nore f u l l y  the pro jec t ’ s  posit ion and re la ted  technical inforxa- 
t i o n  provided i n  Appendix I), and a w e t i n g  surmat-y dated March 22, 1976 was 
prepared and transmitted f o r  yotrr inforriation. The P X  Staf f  tias presently 
completed i t s  prel iniinary review of P .ppmdix  G a n d  other  in fer ix t ion  
r e l a t ing  t o  t h i s  subject  and i t s  posi t ion and  guidance i s  given below. 

The N2C Staf f  has  concluded t h a t  i n  t h e i r  judgenent a deuble-ended instan- 
taneous pipe rupture i n  the cold leg o f  the main pririary heat t r a n s p o r t  
system has a su f f i c i en t ly  l ow  l ikelihood o f  occurrence i n  the FFTF, and  
should n o t  be considered an i n i t i a t i n g  event t h a t  cciuld lead t o  core melt 
and disruption. 
inherently high f r ac tu re  toughness o f  Type 304 s t a i n l e s s  s tee l  will be 
retained th roughou t  the s2rvice l i f e  o f  the  f a c i l i t y  and t h a t  t h i s  will  
be verif ied by adequate mi te r ia l  t e s t  and survei l lance program. 

A nceting was suhequcnt ly  heid i n  Dethesda on 

The s t a f f ’ s  j u d g e m n t  i s  besed on the assuaption t h a t  the 

The tlRC S t a f f ’ s  recorntendations f o r  FFTF a r e  r a r e  f u l l y  described i n  the 
Enclosure t o  t h i s  l e t t e r  and include a baseline presa-vice inspection, 
access f o r  volumetric examination of highly s t rzssed  welds, d e x n s t r a t i o n  
of adequate s e n s i t i v i t y  and r e l i a b i l i t y  of the leak detect ion system, 
periodic material  survei l lance t o  a s sme  long  tern piping i n t e g r i t y  and 
establishment o f  a maximurr; 7sak rate for the  technical spec i f ica t ions  t o  
i n i t i a t e  p lan t  shutdown. 
o f  small leaks or ruptures should be considered i n  the design and operation 
of the  f a c i l i t y .  The implementation o f  -this will  reauire  fu r the r  i n t e r -  
actions w i t h  the  project.  

The s t a f f  hcivever believes t h a t  the  consequences 
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The s t a f f  requests  that: the FFTF Project (HEDL/ERDA) keep i tynformed on 
the disposition and tnplenentation o f  its recomendation In regards t o  
prlmary pfpfng fntcgrit :y,  lead detect ion and fnservfce fnspection f o r  FFTF. 
I t  f s  the s t a f f ' s  opinion t h a t  only by assur lng  t h a t  the  above provislons 
a r e  implemented i n  a rrreaningful manner, can the instantaneous double-ended 
primary piping rupture be excluded a s  an accident i n i t f a t i n g  event. 

I n  a d d i t i o n  t o  the s t a f f ' s  preliminary eva lua t ion ,  the  Enclosure t o  this 
l e t t e r  includes addftiona7 questfons on Appmdix 6 which should be answer- 
ed. Appendix B of the FSAR should t h e n  be amended accordingly. 

I f  you have any questions or  need further c l a r i f l c a t i o n  concernlna t h i s  
mttc-r, p lease -n i t i fy  Mr. H. Iiolz, the  Licensing Project I4anager ?or the 
FFTF review. 

T h m i s  P. Spefs, C h i e f  
L i q u i d  Retal Fast  Greeder 

D i v i s 1 o n of P r o  j e t  t Ha nag eiien t 
Reactors Branch 

Encl osu re  : 
As Stated 
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ENCLOSURE 

STAFF EVALUATION REPORT 

Report T i t le :  Appendix B ,  "Primary P i p i n g  Integrity Evaluation" 
Report Date: January 20, 1976 
Originating Organization: A R D ,  Westinghouse 
Reviewed BY: Materials Integrity Section, Materials Engineering ,,*anch 

SUMMARY OF APPENDIX B ,  "PRIMARY PIPING INTEGRITY EVALUATION" 

?This report presents information and logic t o  assure t h a t  there i s  no 
r e a l i s t i c  potential f o r  the instantaneous rupture of the primary heat 
transport system i n  the FFTF t o  cause a loss of core cooling capabili ty.  
Assurance i s  provided by (a) the overall design of the system, (b) a 
comprehensive program f o r  materials acceptance, (c) analyses of  h i g h l y  
stressed areas and factors  affecting the growth of small flaws i n  the 
p i p i n g  to  c r i t i c a l  s ize ,  and (d) i n  the event of  flaw growth, the p i p i n g  
wall would be penetrated locally through the wall causing a sodium leak 
which would be detected by sensi t ive,  redundant, diverse, and re l iab le  
leak detecting systems long before the flaw could reach c r i t i ca l  s ize  
( i :e . ,  the s ize  causing p i p e  rupture). 

Chapter B2 - Description of Primary Heat Transport System 

The primary sodium loops transport heat from the reactor to  the inter- 
mediate heat exchanger. 
common flow path through the reactor. Sodium flows each out le t  nozzle 
through the hot-leg isolation valve t o  the variable speed centrifugal 
pumps. The pump discharge i s  circulated t o  the shell side of  the inter-  
mediate heat exchanger where the heat i s  transferred t o  the secondary 
sodium. The primary sodium flows through a check valve, and then to the 
reactor vessel i n l e t .  

The sodium i n  the three primary loops has a 

The p i p e  from the reactor vessel t o  the pump suction is  Type 376 H 
s ta in less  s t e e l ,  28-inch 0. D .  The remaining pipe i s  Type 304 H s ta in less  
s t e e l ,  16-inch 0. 0. Features incorporated i n  the design which contribute 
t o  the a b i l i t y  of the plant t o  to le ra te  a range of sodium leaks w i t h  the 
continued capabili ty o f  core cooling without damage include: 
vessels for the primary components w i t h  guard pipe around vertical  pipe, 
(b)  elevated p i p i n g ,  ( c )  large available sodium inventory, and ( d )  low 
shut o f f  pump head a t  pony motor speed. 

(a) guard 
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Chapter B3 - AcceptancidCriteria for  HTS Pipinq 

The primary piping system was designed and fabricated t o  specification 
HWS 1504, which requires tha t  a l l  forming, heat t reat ing,  cleaning, weld 
procedure qual i f icat ion,  and nondestructive t e s t  procedures be approved 
by ARD. The specificatictns imposed fo r  the i n l e t  downcomer p i p i n g  were 
ASfM A 376-64, Type 304, and RDT Standard M3-3T, "Seamless Austenitic 
Stainless Steel Pipe (Modified ASTM 376)", February 13, 1969, or 
equivalent. RDT M3-3T requires that  the pipe shall be ultrasonically 
examined 100% of i t s  1 ength i n  accordance w i t h  RDT F3-8T, I 'U l  trasonic 
Examination of Metal P-ipe! and Tubing for  Longitudinal Discontinuities", 
Level 2.  In addition, ROT M3-3T requires that  a l l  surfaces shall be 
liquid penetrant examiriecl i n  compliance t o  RDT F3-6T, "Nondestructive 
Examination", (1969) and paragraph N-627-3 of the ASME Code, 1968 Edition. 

The acceptance cr i  teriai for 1 iquid penetrant examination for  welds were 
the same as f o r  pipe material. The welding was performed in accordance 
w i t h  the weld qualificaltion procedure, Specification R-6.12.1 ( c )  , 
approved by ARD. 
of welds i s  s ta ted i n  RDT F3-6T. Subassemblies were hydrostatically 
pressure tested t o  the requirements of the ASME Code (373 psig) ,  cleaned 
and shipped t o  the s i t e .  

The acceptance c r i t e r i a  for  radiographic examination 

The procedures f o r  ins ta l la t ion  of the in l e t  downcomer were written by 
C E  Erection Department and approved by ARD,  HEDL, and RDPO. The instal la-  
t lon welds were 1 iquid penetrant and radiographically examined, approved 
by C E ,  Bechtel and a Code inspector. 

Piping, f i t t i n g s  and components i n  the HTS outside the i n l e t  downcomer 
were procured, fabricated and instal led t o  the requirements of RDT F2-2, 
and t o  Class 1 requirements of the ASME Code, Section 111, 1971 E d i t i o n  
through Surnmer 1971 Addlendurn. The manufacturers' , fabricators '  , and 
i n s t a l l e r s '  programs anld procedures were reviewed and approved by the 
purchasing organizations. The pertinent RDT Standards- were (a )  M3-3T, 
"Austenitic Stainless Steel Seamless Pipe - Modified ASME SA-376", 
F2-4T, "Quality Verificatfon Program Requirements", F3-6T, '!Nondestructive 
Examination", F3-37TY "!Special Requirements f o r  Metal Products", F5-1T, 
"Cleaning and Clean1 iness Requirements for Nuclear Reactor Components", 
and F7-2T, "Preparations f o r  Shipment and Storage". 

Welders and welding procedures were qualified in accordance w i t h  Section 
I X  of the ASME Code. Audfts  were performed by HEDL and- Bechtel Corporation 
to assure compliance w i t h  procedures, standards and specifications.  
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The r e a c t o r  and hea t  t r a n s p o r t  systems were cons t ruc ted  from components 
designed, manufactured, and tested i n  accordance w i t h  Sect ion 111 o f  the 
ASME Code. P r i o r  t o  i n i t i a l  opera t ion  acceptance tests a r e  scheduled t o  
be conducted i n  the presence o f  a Code inspec tor .  
Code Case 1595 will be met as fol lows:  ( a )  an ambient temperature 
pneumatic tes t  a t  1.20 times the lowest design pressure (18 ps ig )  and 
(b)  an ambient temperature pneumatic test  a t  1.20 times the design 
pressure (300 ps ig )  f o r  each o f  the secondary loops.  Upon completion of 
the pressure tests, the r e a c t o r  p lan t  will be provided w i t h  N-stamp 
cert f f i c a t  ion.  

The requirements of 

The acceptance t e s t i n g  is planned t o  be conducted i n  three phases: 
(1) pressure t i g h t n e s s  a t  10  ps ig  p r i o r  t o  argon purge and sodium f i l l ,  
and dimenslonal check of components and p i p i n g  a t  ambient temperature t o  
provide a da t a  base f o r  thermal expansion and t o  verify i n s t a l l a t i o n ,  
(2)  dimensional check a t  400oF, and (3)  dimensional check a t  4OO0F a f t e r  
sodium f i l l ,  and, if practical, a t  8000F; demonstrate tightness of  
primary i s o l a t i o n  va lve ;  opera t ion  o f  HTS pumps t o  flow condi t ions  a t  
800°F; cool system t o  400oF and v i s u a l l y  inspect select welds i n  highly 
stressed a reas  ., 
CRapter 84 - H E D L ' s  Integrity Analyses of  Primary P i p i n g  

TRe tnlet  downcomer will normally ope ra t e  i n  a temperature range between 
400' and 800OF and . in  a pressure  range between 0 t o  150 ps ig .  Temperature 
t r a n s i e n t s  may exceed 800oF. The c r i t e r i a  used f o r  the design were f o r  
Class  1 components o f  the ASME Code, 1971 E d i t i o n  inc luding  Addenda through 
Summer 1972, RDT Standard E 15-2T, and HEDL Seismic Design C r i t e r i a .  Code 
Case 133175 and RDT Standard F9-1T were appl ied .  

The loading condi t ions  considered were (a) dead weight p l u s  sodium, 
(b) &ad weight less sodium, ( c )  seismic, ( d )  thermal expansion from 70° 
t o  792OF, and ( e )  thermal expansion from 700 t o  7920F w i t h  blocked-hanger 
and empty pipe. The stress intensities were ca l cu la t ed  according t o  the 
rules of NB-3650 of the ASME Code, using Bechtel computer programs, 
ME632 and ELTEMP. 

The results i n d i c a t e  t h a t  the inlet  downcomers meet the s t r u c t u r a l  requi re -  
ments imposed by Code Case 1331-5, except the condi t ions  r equ i r ing  i n e l a s t i c  
analyses .  The 
report on the final stress ana lyses  has not  been issued. The prel iminary 
results i n d i c a t e  t h a t  the c r i t e r i a  imposed by the governing documents 
a r e  s a t i s f i e d .  

S t r e s s  a n a l y s i s  was performed by C E  and appyoved by ARD. 

Q 
6 4 6  



- 4 -  

A circumferentially-oriented semi-ell ip t ica l  surface crack located on 
the i n l e t  downcomer elbow was assumed t o  represent the greatest  potential 
and flaw growth. The pre-existing crack was assumed t o  have a length of 
l-inch and a d e p t h  of 0.082-inch. 
thickness ( a / t  = 0.25). The hypothetical crack i s  the same as used for 
estimating the fracture  behavior of heavy sections of 1 i g h t  water 
reactors. Using an effect ive s t ress  intensity factor  of 8800 psi 4 5  
and a conservative crack growth r a t e  for Type 304 s ta in less  s t e e l ,  a 
growth of 1.03 x 10-5 inch/cycle was estimated 
shutdowns, a total  crack growth of 7.159 x lo-$ inch was estimated, 
indicating tha t  the crack would n o t  extend th rough  the wall of the pipe. 

The r a t i o  of crack depth to wall 

Assuming 695 reactor 

Chapter 5B - Leak Detection 

The fracture  toughness o f  Type 304 H s ta in less  s teel  was analyzed us ing  the 
J integral method. A t  the p i p i n g  thickn ss of in te res t  (0.375 inch), a 

resu l t  i n  crack in i t ia t ion  a t  800°F. The t e s t  section of a 12-inch wide 
panel w i t h  a t-inch central crack became p las t ic  before crack growth 
in i t ia ted .  The clc value is  approximately equivalent t o  a Kc f racture  t o u g h -  
ness value of 385 /In. 
failure mode will be duct i le  and large scale p las t ic i ty  would be experienced 
before f racture .  

c r i t i c a l  J value, Jc ,  o f  4000 inch lb/ in  5 was experimentally determined t o  

‘The resu l t s  indicate tha t  the p i p i n g  and elbow 

E i g h t  one-quarter models of  the i n l e t  downcomer elbows were tested under 
combined bending and internal pressure. The models had a through-wall 
flaw. The mode o f  f racture  was flaw bulging without crack advancement. 

Using Paris’ s t ra ight  pipe model and a flow s t ress  o f  29,600 psi f o r  
estimatfng the b u r s t  s t r eng th ,  a c r i t i ca l  flaw s i z e  13-inches long f o r  
the design pressur?, aind 16-inches long fo r . t he  operating pressure were 
calculated. The analytical‘’ and experimental studies showed tha t  tension, 
bending and the combined’ tension-bending s t r e s s  f i e lds  resulted i n  
through-wall cracks prior t o  attaining the c r i t i c a l  crack lengths. 

The sodium leak det t i  methods rely o n  e lec t r ica l  conductivity, sodium 
aerosols, cavity and cell  sampling, and r p o t e  visual examination f o r  
ind ica t ing  leakage frorn”the primary sygtem. 
detection of sodium 1,eakiige are  suff ic ient ly  understood t o  assure. that  i f  
a small leak should OCCUI- w i t h i n ,  the reactor guard vessel , +the leak would 
be detected before sigiiifficant amage ‘to the integri ty  of the primary 

In’ general ,. transport and 

p i p i n g  would occur. ._ 

1 1  
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STAFF'S EVALUATION: 

Appendix B presents information and the logic for accepting the concept 
of "leak before break" in the primary heat transport system of the FFTF. 
In our judgment, a double-ended instantaneous pipe rupture has a sufficient- 
ly low likelihood of occurrence, and should not be considered the initiating 
event that could lead to core melt and disruption. Our judgment is based 
on assumption that the inherently high fracture toughness of Type 304 
stainless steel will be retained throughout the service life of the facility 
and that this will be verified by adequate material test and surveillance 
programs. It is also assumed that the leak detector system will be effective 
in identifying and locating small flaws before they can experience significant 
growth or cause deleterious effects to the piping system through accumula- 
tion o f  potentially corrosive materials on the external pipe surface. 

Our review of Appendix B shows that the report has not adequately addressed 
the following areas: 

1. Degradation processes that may affect the properties of piping 
materials, 

2. Validation, of the sensitivity, and redundancy of the leak detection 
systems, and 

3. Material surveillance and inservice inspection. 

STAFF ' S POSITION 
We are currently developing Material Engineering Branch (MTEB) positions 
for insewice inspection and surveil lance requirements for 1 iquid metal 
cooler reactors. .Our recommendations for the FFTF are as follows: 

1. 

2. 

3. 

4 .  

Perform preservice ultrasonic base1 ine inspection of the primary 
heat transport system (where possible, considering the status of 
construction) , 
Provide access for volumetric IS1 of selected highly stressed welds, 

Model a full size mockup'of the reactor and guard vessel to 
demonstrate the sensitivity and reliability of the sodium leak 
detection systems in an operating situation and provide method of 
periodic verification of system operability, 

Provide periodic systems integrity verification capability by using 
material surveillance speciments or by removing a highly stressed 
pipe section or fitting for metallurgical examination, and 
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5. Establish a maximum acceptable sodium leak r a t e  t o  i n i t i a t e  
reactor shutdown (technical specification).  
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121 .o MATERIALS ENGINEERING BRANCH (Appendix 6 ,  "FFTF Primary 
Piping Integrity Evaluation" 

121.1 The referenced data on thermal aging ef fec ts  on fatigue cracb 
growth was obtained from relat ively short time t e s t s  a t  1000 
o r  1200OF. Describe the appl icabi l i ty  of this data t o  the 
stated 8OO0F service environment. 
erature on the dis t r lbut ton,  composition and metallographic 
structure of Type 304, Type 304 H and Type 316 s ta inless  s t ee l ,  
and r e l a t e  these structural  changes t o  the generation o f  fatigue 
cracks and crack extension rates .  Discuss uncertainties in 
extrapolating short  time data to  predict long term performance. 

Discuss the e f fec t  o f  temp- 

121.2 The referenced data indicates tha t  there i s  no difference i n  
the crack propagation between weld material and base material 
( t e s t s2  have not been done w i t h  aged weld mater ia l ) .  Provide 
da ta  to show tha t  a t  h i g h  s t r a in  ra tes  thermally aged weld 
material does not have an increased crack propagation ra te  tha t  
i s 1 arger than anticipated. 

Also, discuss the e f fec t  o f  residual we:ding s t resses  (which 
may equal the material yield strength) on crack i n i t i a t i o n  
and propagation. 

A review of the 'submitted reference material indicates tha t  
r e l i a b i l l t y  and maintainability of the sodium leak detection 
systems has not been adequately demonstrated. The system 
capabili ty t o  detect  small leaks should be verified under 
conditions simulating the primary heat transport system in' 
length and configuration of the gas passages, thermal 
gradlents and, f o r  aerosol detectors,  the length of the small 
diameter "sniffer"  t u b i n g  w i t h  i t s  thermal gradients. These 
tests should be done over the expect@ range of service 
environmental conditions. Additionally, veriffcation should 
be provided t o  assure that :  

121.3 

(1) The leak detection systems will detect  a new leak i n  
the presence of an existing leak. 

(2) Small leaks which may become plugged will be detected by 
two o r  more detection systems before s ignif icant  caustic 
corrosion of  pipe or component O.D.  can occur (WARD t e s t s  
have shown as much as  0.060 inch penetration in 500 hours). 

(3) Remote t e s t ab i l i t y  of the detection systems by means 
other than electronic c i r cu i t  checks are possible. 
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I t  i s  also necessary tha t  maximum acceptable leak r a t e  or 
conditions for reactor shutdown be established and maximum 
operating time w i t h  a known or suspected leak be defined. 

121.4 The omission 01' volumetric examination from the inservice 
inspection program i s  not adequately just i f ied.  A more 
complete volumetric examination (preferably ultrasonic) should 
be conducted d u r i n g  the component fabrication, ins ta l la t ion  or 
as  a preserv-ice baseline t o  serve as a m i n i m u m  subst i tute  for 
volumetric inservice inspection. 
ASME Section 111 fabrication requirements for elevated temper- 
a ture  service include ultrasonic examination of  a l l  welds or 
radiography using two different  angles. 

I t  i s  noted t h a t  current 

121.5 In order to verify the appl icabi l i ty  of  short time, accelerated . 
t e s t  data which i s  used as the basis for design/rel iabi l i ty  
calculations,  a surveillance program consisting of removable 
primary heat transport system material samples o r  suitable 
t e s t  coupons exposed t o  the service environment should be 
required. 

. , , . ' I . .  1 ... . . . .  .. . . . : < . . L. 
. . - ,  . . . .  
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UNITED Sl ATES 

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 
DIVISION OF R E A C l O f ?  DEVELOPMENT AND DEMONSTl iAT lON 

FAST F L U X  TEST f A C I L I l Y  PROJECT O F F I C E  

P 0 ROX 55cT 
RICIILANO, WASHING1 ON 09352 

Nuclear Regulatory Commission 
Washington, D .  C .  20555 

ATTN: Mr. R .  P .  Denise 
Assistant Director 

f o r  Advanced Reactors 

Gentlemen: 

SCOPE OF NRC REVIEW OF FFTF FSAR 

References: ( 1 )  Let ter ,  R. S.  Boyd t o  R. L .  Ferguson, regarding t h e  
NRC review o f  the FFTF FSAR, dated August 13, 1976. 

( 2 )  Letter ,  R. L.  Ferguson t o  R .  P .  Denise, regarding the 
NRC review o f  FFTF FSAR, dated November 13, 1975. 

As a r e su l t  of our discussion of July 2 1 ,  1976, i n  Bethesda, and the N R C  
l e t t e r  of August  13, 1976, [reference ( l ) ] ,  we are  providing c l a r i f i ca t ion  
regarding the scope of the NRC review of FFTF t h a t  i s  being requested. As 
noted i n  reference ( 2 ) ,  we desire  a review o f  the FFTF design documentation 
and FSAR safety evaluations so tha t  NRC may provide technical advice 
regarding the adequacy of the design t o  ensure safe  operation of FFTF. NRC 
need not review "as bu i l t "  configurations, reactor operations, o r  acceptance 
test  resu l t s  t o  verify tha t  the plant i s  constructed and operated i n  accord- 
ance w i t h  design c r i t e r i a  and documentation. 
provided by ERDA i n  accordance w i t h  applicable ERDA Manual Chapters. 

These l a t t e r  functions a re  

Regarding cer ta in  spec i f ic  questions about the scope o f  the NRC review, the 
following c l a r i f i ca t ions  are  supplied: 

1 .  S i t e  Information (FSAR Chapter 2.0) - %s was noted i n  reference ( 1 ) ,  a 
complete reevaluation of s i t i n g  considerations and documentation by NRC,  
i n  accordance with the NRC Standard review plan, i s  not necessary a t  this 
time because the s i t e  s u i t a b i l i t y  was established by NRC and ERDA eval- 
uations d u r i n g  the PSAR review and has been continually reviewed by the 
FFTF project  contractors and ERDA,  s ince the construction authorization. 

B-22 



UNRC - 2 -  

2. 

3. 

4. 

5. 

Design Evaluation FSAFtJshapter 3.0 - 12.0 and 15.0) - We desire a 
thorough technical review of the design documentation and the level 
1 ,  2 ,  and 3 safety evaluations f o r  the reactor and plant systems. 
Generally, we would l ike the  review of the design to  be comparable 
i n  technical de ta i l  t o  a licensed plant review. NRC reviews of 
special topics o r  issues t h a t  have been conducted d u r i n g  o r  since the 
construction authorization need n o t  be repeated. 
have been generally resolved and require limited NRC reevaluation a t  this  
time include HCDA energetics,  HCDA design margins, and p i p i n g  i n t eg r i ty .  
A few follow-on issues i n  these areas remain t o  be resolved, fo r  example, 
a reassessment of the need fo r  improved containment safety margins i s  s t i l l  
planned fo r  completion i n  December 1976. Reviews w i l l ,  o f  course, continue 
t o  ensure tha t  new experimental information does not s ign i f icant ly  a f f ec t  
previous conclusions w i t h  regard t o  adequacy of the FFTF safety marg ins .  
Decay heat removal issues a re  currently under review by the NRC s t a f f ,  and 
we hope t o  resolve these issues in the near future .  
regarding the desired scope o r  nature of the N R C  review i n  other spec i f ic  
areas within these FSAR chapters can be discussed on case-by-case basis.  

Operations and S ta r t -up res t ing  (FSAR Chapters 13 and 14) - Chapters 13.0 
and 14.0 of the FSAR summarize ERDA practices and plans fo r  operations and 
s tar t -up tes t ing .  
planning as  outlined i n  these chapters would be welcomed, NRC need n o t  
provide a f u l l  review in these areas.  The organizational s t ruc ture ,  planning 
and control of FFTF operations and s tar t -up tes t ing  programs will be irnple- 
mented by ERDA i n  accordance w i t h  ERDA Manual Chapters i n  order t o  ensure 
safe  plant testing and operations. 

Areas tha t  we believe 

Specific questions 

Although comments and advice regarding our current 

Quality Assurance (Chapter 16.0)  - Although we plan t o  continue t o  u t i l i z e  
our current qual i t y  assurance standards (RDT F2-2, e t c .  ) rather t h a n  1 OCFR50, 
Appendix B y  ANSI Standards and Regulatory Guides, we do  desire  a complete 
review by NRC of the adequacy of our qual i ty  assurance program. 
f a c i l i t a t e  the NRC rev-iew. the qual i ty  assurance FSAR chapter i s  being revised 
t o  provide cer ta in  addiitional information ident i f ied through informal discus- 
sions w i t h  the NRC s t a f f .  Also, we will provide a comparison between the FFTF 
qual i ty  assurance program and the NRC standard review plan requirements. 
Any areas where there a re  differences between FFTF controls and accepted N R C  
c r i t e r i a  will be resolved i n  the course of the NRC review. 

To 

Technical Specifications (FSAR Chapter 17) - NRC advice on t h e  FFTF Technical 
Specifications will be s o l i c i t e d .  Beyond the i n i t i a l  review of the Technical 
Specifications,  we ant ic ipate  tha t  NRC involvement i n  f inal  approval and 
review of future modification would only occur i f  requested on a case-by- 
case basis. 
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Answers t o  the QO questions, cross references between the FSAR a n d  the 
NRC Standard Format, and responses t o  cer ta in  other points raised by 
your Augus t  13, 1976,  l e t t e r  are  being prepared. 
tasks i s  targeted for  October 1 ,  1976. Conf i rming  a telephone conversation 
with Mr. H .  Holz of your s t a f f ,  we would l i ke  t o  arrange a meeting a t  your 
e a r l i e s t  convenience t o  f ina l ize  a schedule for  the NRC review. 
i n  e a r l i e r  correspondence, we wish t o  complete the NRC review appcoximately 
two years from the FSAR submittal date.  

I f  there are  any questions regarding th i s  matter, please contact Dr. G .  D. 
Bouchey o f  my s t a f f .  

Completion of these 

, As indicated 

Very t ru ly  yours, 

FTF : GDB : E61 1 

cc: H .  Holz, NRC ( 5 )  
T. Speis, NRC 
H .  Gearin, NRC 
S.  A .  Weber, H E D L  
D. E. Simpson,.HEDL 

FFTF Project Office 
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lJNl T E D  S T A T E S  

E N E R G Y  RESEARCHI  A N D  D E V E L O P M E N T  A D M I N I S T R A T I O N  
DIVISION 01. ' I tLAC 1011 L)EVtLOI'MI;N? AND DLMONS.1 I1ATION 

F A S T  F L U X  TEST F A C I L I T Y  PROJECT OFFlCC 
P 0 BOX 550 

91 CH L A N  0, WASH I N G T O N  99352 

I 

I 

Nuclear Regulatory Conimissiion 
Washington, D. C .  20555 

ATTN: Mr. R.  P .  Denise 
Assistant Di rector 

for  Advanced Reactors 

Ge n t 1 erne n : 

FFTF SAFEGUARDS A N D  SECURITY 

Reference: Let ter ,  T. P.. Speis t o  R. L .  Ferguson, "Transmittal of  
May 26, 1977 Meeting Summary", dated June 24, 1977. 

The reference l e t t e r  requlested t h a t  ERDA advise NRC of any plans for  
requesting NRC s t a f f  revilew of FFTF safeguards and  security provisions. 

The FFTF safeguards and security reviews a n d  assessments are conducted 
by ERDA personnel in accordance with ERDA Manual Chapter requirements. 
Confirming o u r  statements in the May 26, 1977 meeting, i t  i s  n o t  necessary 
f o r  the NRC review of FFTF t o  include consideration of t h i s  area.  

The safeguards and securi ty  programs and provisions tha t  are  being implemented 
fo r  FFTF meet a1 1 pertinent pol ic ies ,  requirements , a n d  procedures defined i n  
ERDA Manual C h a p t e r  2401, 2405, 7401 , a n d  7451. - A l t h o u g h  the recent (March 1977)  
10 CFR 73 changes relatedpto securi ty  and other NRC guides. and standards i n  
t h i s  area a re  n o t  specifi,cally imposed as requirements for  FFTF, E R D A  and 
ERDA Contractors are  wel.1 .aware20f the NRC requirements and guides and these 
have been considered i n  the formulation,of the- FFTF security plans. In  our 
opinion; safeguards .andi;sectiri t y  arrang 
ef fec t ive  (though not necesziari ly  iden$ as ,,those curren,t,ly being imple- 
mented fo r  1 i censed reactors.  

s '  fo r  FFTF iwill be ,a t  l e a s t  as 

1 1  
. .  I *., .?-- 

FTF:GDB:E1164 

~ .~ 
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* ,  UNITED STATES 

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 
DIVISION OF REACTOR DEVELOPMENT AND DEMONSTRATION 

FAST FLUX TEST FACILITY PROJECT OFFICE 
P. 0. BOX 550 

RICHLAND. WASHINGTON 99352 

RUG 3 11977 
Nuclear Regulatory Cornmission 
Washington, D. C. 20555 

ATTN: Mr. R. P. Den.ise, Assistant Direc tor  

Gent 1 emen : 

f o r  Advanced Reactors 

RESPONSE TO ITEMS I D E N T I F I E D  AT THE JUNE 30, 1977, NRCIERDAIHEDL MEETING 
ON HOT CHANNEL FACTORS 

Reference: NRC Letter, T. P. Spe is  t o  R .  L. Ferguson, "Transmittal  o f  

The referenced l e t t e r  summarized the reques t s  f o r  add i t iona l  i n f o m a t i o n  
made a t  the June 30, 1977, meeting on hot  channel f a c t o r s .  In add i t ion  t o  
the reques ts  made a t  the meeting, the referenced le t ter  requested t h a t  the 
FFTF P r o j e c t  (1) s ta te  i n  w r i t i n g  the P r o j e c t ' s  comnitment t h a t  i n  the 
event  na tura l  convection does not prove t o  be a r e l i a b l e  and s a f e  way t o  
remove res idua l  hea t  from the r e a c t o r  co re ,  engineered s a f e t y  f e a t u r e s  will 
be provided, a s  necessary,  t o  assure this  func t ion  and (2 )  compare d a t a  
taken during s t a r t u p  w i t h  c o r e  thermal hydraul ic  and s a f e t y  design values  
and t h a t  trip l e v e l s  be set conserva t ive ly  u n t i l  sufficient opera t ing  ex- 
perience i s  g a i n e d - t o  warrant  the use o f  nominal t r i p  values .  

Meeting Summary (Fas t  Flux Test F a c i l i t y ) , "  dated Ju ly  27, 1977. 

In response t o  the information reques ts  made a t  t h e  June 30, 1977, meeting, 
we a r e  enc los ing  20 copies  o f  supplemental responses t o  NRC ques t ions  
221.25, 221.54, and 221.65 along w i t h  3 copies  o f  ANL r e p o r t  ANL-ETD-71-03, 
" I r r a d i a t i o n  of Alnico Magnets i n  EBR-11" which  provides  the information re- 
quested under item 221.6 i n  the referenced le t te r .  
under  item 221.82 I s  contained i n  the response t o  NRC quest ion 221.97 (sub- 
mi t ted  t o  NRC a s  part  o f  Supplement 11 t o  the FSAR). 

The information requested 

The information requested i n  items 221.2, 221.5, 221.28, and 221.86 will be 
provided by September 9, 1977, and i n  item 221.66 by October 28, 1977. 

In response t o  the two add i t iona l  r eques t s  contained i n  the referenced 
le t ter ,  i t  is  ou r  i n t e n t  t o  proceed a s  follows: 

1. Adequate decay hea t  removal c a p a b i l i t y  w i l l  be provided f o r  FFTF. 
One important  p a r t  o f  the FFTF decay hea t  removal system design 
i s  na tu ra l  convect ive cool ing  fol lowing t o t a l  l o s s  o f ' o f f s i t e  and 

* 
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onsi te  e lec t r ica l  power. Key features of t h i s  capabili ty will be 
confirmed v i a  the FFTF Acceptance Test Progran natural convection 
t e s t s .  
modifications required to  assure th i s  capabi l i ty  will be implemented. 
Depending on the resul ts  from the n a t u r a l  convection t e s t s ,  these 
modifications could take the form of e i ther  physical plant modifi- 
cations to  enhance natural convection o r  the addition of features 
to  enhance the r e l i a b i l i t y  of forced circulat ion cooling. 

Conservative plant protection system t r i p  se t t ings  will be used 
d u r i n g  the f i r s t  ascent t o  fu l l  power, while collecting data d u r i n g  
the ascent t o  compare w i t h  predictions. The fu l l  power t r i p  levels 
will  be s e t  a t  t he i r  nominal values only a f t e r  operation a t  fu l l  
power has confirmed th i s  t o  be acceptable. 
the above are  currently in preparation. 

I f  necessary as the resu l t  o f  these t e s t s ,  those plant 

2. 

Detailed plans concerning 

If you have any further.questions,  please do not hesi ta te  to contact us. 
I 

Very t ru ly  yours, 

FTF :TLK: E1246 

Enclosures : 
1. Responses t o  NRC Questions 

221.25, 221.54, & 221.65 
2.  Sodium Orifice Erosion Test 
3. Irradiation o f  Alnico Magnets 

i n  EBR-I1 

cc: w/o encl. 
H. Gearin, NRC 
H. Holz, NRC 
T. Speis, NRC 
D. E. 'Simpson, HEDL 
S. A. Weber, HEDC 
R. A. Passman, RDD-HQ 
H.  Hollister,  DOES-HQ 
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Department of Energy 
Fast Flux Test Facility Project Office 
P. 0. Box 550 
Ric hland, Washington 99352 

Nuclear Regulatory Commission 
Washington, D. C .  20555 

ATTII: Mr. William Gammill , Assis tant  Director 
f o r  Standardization and Advanced Reactors 

Division of Project Management 

' Gentlemen: 

NRC REVIEW OF CLOSED LOOP PLANT PROTECTION SYSTEM DESIGN 

Recently, we received a verbal request fo r  the design bas i s  analysis 
f o r  the Closed Loop System Plant Protection System (PPS) .  
requested information is  not complete a t  this time. 
ning,projects the f irst  in-core Closed Loop testing no sooner t h a n  
i r r ad ia t ion  Cycle 7 due t o  experimental program f u n d i n g  pr ior i  t i e s .  
Consequently, design analysis of  the Closed Loop Plant  Protection System 
has not y e t  been complete due to  higher p r i o r i t y  work items. 

Since Closed Loop experiments will not be included a t  s t a r tup  of FFTF, 
we request t h a t  review of the Closed Loop System PPS design be excluded 
from the scope of NRC review currently i n  progress. 

Appropriate reviews w i  11 be performed upon compl e t i  on of needed analyses 

I f  you have any questions regarding this matter,  please feel f r ee  t o  
contact Dr. G. D. Bouchey of my s t a f f .  

The 
The current  p l an -  

. p r i o r  t o  i n s t a l l a t i o n  of  Closed Loop experiments i n  FFTF. 

Very t ru ly  yours, 

A. @qh$i&$ D i  r ec tor  
f o r  En neering 

FFTF Project  Office 

FTF: GDB : E428 
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APPENDIX C 

Sodium-Concrete I n t e r a c t i o n s  

As discussed i n  Sec t i on  15.3.6 (Containment Response t o  a Core Meltdown Event) 

f o r  cases where a s e l f - l e v e l i n g ,  sodium-flooded, coo lab le  f u e l  d e b r i s  bed i s  

formed, t h e  s e v e r i t y  o f  t h e  containment t r a n s i e n t  f o l l o w i n g  a p o s t u l a t e d  core 

meltdown event  i s  very  dependent on t h e  r a t e  and e x t e n t  o f  sodium p e n e t r a t i o n  

i n t o  t h e  r e a c t o r  c a v i t y  concrete f l o o r .  

i t s  c o n s u l t a n t ' s  assessment o f  t he  s t a t e  o f  technology on sodium-concrete i n t e r -  

ac t i ons  i n  connection w i t h  evaluat ions o f  FFTF containment margins. 

Th is  appendix presents  the  s t a f f ' s  and 

The E f f e c t  o f  L i q u i d s o d i u m  on Concrete 

A number o f  r e l a t i v e l y  smal l -sca le t e s t s  have been performed by t h e  Handford 

Engineer ing Development Laboratory  (HEDL) t o  measure the  p e n e t r a t i o n  r a t e  o f  

l i q u i d  sodium i n t o  magnet i te  and l imestone concretes. A few much l a r g e r  sca le 

t e s t s  o f  t h e  p e n e t r a t i o n  r a t e  o f  l i q u i d  sodium i n t o  l imestone concrete have been 

c a r r i e d  o u t  a t  Santlia.P'3 The repo r ted  p e n e t r a t i o n  o f  sodium i n t o  concrete by 

HEDL and Sandia d i f f e r s  s i g n i f i c a n t l y ,  suggesting t h a t  t he re  may be a sca le  

f a c t o r  i nvo l ved  i n  t h e  p e n e t r a t i o n  mechanism. 

t h e  r e a c t i o n  o f  sodiuin w i t h  concrete i s  s e l f - l i m i t i n g  t o  a p e n e t r a t i o n  depth 

which does n o t  exceed 3 i n .  On the  o the r  hand, Sandia's f i r s t  t h r e e  t e s t s  suggest 

t h a t  p e n e t r a t i o n  proceeds u n t i l  a l l  t h e  sodium i s  consumed by t h e  r e a c t i o n  and 

extends t o  a depth approximately equal t o  t h e  i n i t i a l  depth o f  t h e  sodium poo l ,  6 
i n .  i n  t h e  t h i r d  Samd-ia t e s t .  We understand t h a t  l a t e r ,  undocumented, Sandia 

t e s t s *  showed sodium pene t ra t i ons  o f  l e s s  than 6 i n .  

1 

The HEDL experiments suggest t h a t  

HEDL Experiments 

The twelve HEDL t e s t s  repo r ted  i n  Ref. 1 employed 40 t o  50 pounds o f  sodium 

heated t o  e i t h e r  676'C-or 871OC w h i l e  i n  con tac t  w i t h  v e r t i c a l  and h o r i z o n t a l  

sur faces o f  magnet i te  and l imestone concrete.. In each case, t h e  i o n c r e t e  sample 

had a volume o f  1 cu. ft.' and an exposed su r face  area o f  1 sq. ft. The tempera- 

t u r e s  w i t h i n  t h e  concrete and sodium were moni tored by thermocouples and t h e  gas 

t h a t  evolved was analyzed. A t  t h e  end o*f t h e  t e s t  pe r iods ,  t h e  excess sodium was 

decanted, t h e  samplle was a l lowed t o  coo l ,  and t h e  remain ing concrete and r e a c t i o n  

products  were examined. 

I 

%This assessment i nc ludes  r e s u l t s  from o n l y  t h e  f i r s t  t h r e e  Sandia t e s t s .  A t  
l e a s t  t h r e e  o the rs  have been performed, b u t  t h e  detai1,s a r e  n o t  a v a i l a b l e  a t  t h e  
t ime  o f  t h i s  w r i t i n g .  
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It was observed t h a t  the  nonv io len t  r e a c t i o n  between the  concrete and sodium 

produced a viscous, wide m e l t i n g  p o i n t  range l i q u i d  which had a dens i ty  between 

t h a t  o f  sodium and concrete. I n  the  h o r i z o n t a l  sur face t e s t s ,  t h i s  viscous f l u i d  

formed a l a y e r  separa t ing  the  sodium from the  concrete. 

l a y e r  p ro tec ted  the  concrete from f u r t h e r  chemical a t t a c k  and a lso  served as an 

i n e r t  i n s u l a t o r ,  thereby l i m i t i n g  the  e x t e n t  o f  t h e  sodium-concrete penet ra t ion .  

It was f e l t  t h a t  t h i s  

Equations were f i t t e d  t o  the  data from the  magneti te and l imestone concrete exper i -  

ments. F o r  magneti te concrete,  the  equat ion used i s :  

(1 1 

where X i s  i n  inches and t i s  i n  hours. 

concrete i s :  

The corresponding equat ion f o r  l imestone 

X = 1.64 ( ~ e - ' ~ ~ )  

It was assumed i n  the  s e l e c t i o n  o f  these equations t h a t  t h e  sodium-concrete r e a c t i o n  
was zero order  w i t h  a f i r s t  order  r e t a r d a t i o n  e f f e c t .  

When the  temperature was increased from 676OC t o  87loC, the  p e n e t r a t i o n  increased 

approximately 50%. 

p e n e t r a t i o n  depths never exceeded 3 i n .  f o r  h o r i z o n t a l  specimens. I n  a d d i t i o n ,  

some crack ing  and s p a l l i n g  was noted which l e d  HEDL t o  comment: "some crack ing  

and s p a l l i n g  c h a r a c t e r i s t i c s  o f  the  concrete specimen appear t o  p rov ide  a major 

i n f l u e n c e  on t h e  r a t e  and u l t i m a t e  p e n e t r a t i o n  depth o f  the  sodium-concrete reac t ion . "  

These data,  when ex t rapo la ted  suggest t h a t  the  u l t i m a t e  

I n  t h e  v e r t i c a l  r e a c t i o n  t e s t s ,  i t  was noted t h a t  the  viscous r e a c t i o n  f l u i d  

s e t t l e d  toward the  bottom of t h e  r e a c t i o n  vessel g i v i n g  r i s e  t o  a h igher  penetra- 

t i o n  ra te .  

t o  be-2.5 t imes t h a t  i n t o  a h o r i z o n t a l  surface. This i s  c o n s i s t e n t  w i t h  the  idea 

t h a t  t h e  r e a c t i o n  products  p r o t e c t  the  concrete from the  sodium. 

The observed p e n e t r a t i o n  r a t e  i n t o  a v e r t i c a l  sur face was determined 

D i f fe rences  Between t h e  Sandia and HEDL Experiments 

The Sandia  experiment^^'^ d i f f e r  i n  several impor tan t  d e t a i l s  from those of-HEDL. 

The s izes  o f  the  Sandia t e s t s  were considerably  l a r g e r ,  w i t h  190 Kg o f  sodium used 

i n  t h e  t h i r d  t e s t  as opposed t o  23 Kg i n  t h e  HEDL t e s t s ,  and w i t h  a l imestone 

concrete c r u c i b l e  w i t h  an exposed sur face area o f  16 f t  and a volume o f  57 ft3 as 

compared t o  the  HEDL t e s t  area and voiume o f  1 ft2 and 1 ft3, r e s p e c t i v e l y .  

i n i t i a l  sodium temperature was 550°C, and the  sodium cooled t o  approximately 45OoC 

on contac t  w i t h  t h e  coo l  concrete. An exothermic reac t ion ,  o c c u r r i n g  15 min. 

l a t e r ,  r a i s e d  the  sodium temperature t o  n e a r l y  8OO0C and cont inued u n t i l  a l l  the  

sodium was consumed. 

2 

The 

The r e a c t i o n  was accompanied by loud noises every few 
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seconds which may have been t h e  r e s u l t  o f  exp los i ve  s p a l l a t i o n .  

i n  t h e  h o r i z o n t a l  surPace progressed w e l l  pas t  3 inches. However, p e n e t r a t i o n  

i n t o  t h e  v e r t i c a l  surPaces was l e s s  than t h a t  i n  the  h o r i z o n t a l  sur face,  u n l i k e  

the  HEDL experiments. Also, i n  the  p o s t - t e s t  ana lys i s ,  an apparent ly  spal led,  

unreacted chunk o f  concrete, 25 cm i n  diameter by 7 cm t h i c k ,  was found i n  the  

s o l i d i f i e d  r e a c t i o n  zone. I t i s  suggested t h a t  t h i s  chunk s p a l l e d  a t  t h a t  t ime  

when the  l a s t  o f  t he  <;odium was being consumed by t h e  reac t i on .  F i n a l l y ,  Sandia, 

u n l i k e  HEDL, repo r ted  vigorous s t i r r i n g  and m ix ing  o f  t h e  concrete r e a c t i o n  

products  by gases re leased from the  heated concrete. They suggested t h a t  gas 

re leased near the  v e r t i c a l  w a l l s  p r e f e r e n t i a l l y  f lowed a long these w a l l s  thereby 

p r o t e c t i n g  them from #;odium chemical and thermal e f f e c t s  and thereby reducing 

pene t ra t i on .  

The p e n e t r a t i o n  

To e x p l a i n  the  above d i f f e rences ,  Sandia has proposed a two-phase r e a c t i o n  

mechanism. Phase 1 i!; the  i n i t i a l ,  quiescent p e r i o d  c o n s i s t i n g  o f  t he  r e a c t i o n  

between sodium and water t o  form NaOH, which i s  so lub le  i n  sodium t o  about 10 w t %  

a t  50OoC. 

p r e c i p i t a t e s  ou t  and !,inks t o  the  bottom o f  t he  pool  because o f  i t s  h ighe r  dens i t y .  

The NaOH l a y e r  can d i r e c t l y  a t t a c k  the  CaC03 i n  the  l imestone concrete because 

CaC03 d i sso l ves  r e a d i l y  i n  h o t  NaOH. The r a t i o  o f  sodium t o  concrete determines 

whether t h e  i n t e r a c t i o n  remains i n  Phase 1 o r  proceeds t o  Phase 2. I f  the  r a t i o  

o f  sodium t o  concrete i s  l a rge ,  t he  sodium w i l l  n o t  become sa tu ra ted  w i t h  NaOH, 

and the  p e n e t r a t i o n  i s  l i m i t e d  due t o  the  te rm ina t ion  o f  t h e  r e a c t i o n  by r e a c t i o n  

product  bu i l dup .  For small sodium t o  concrete r a t i o s ,  t he  sodium w i l l  even tua l l y  

become sa tu ra ted  w i t h  NaOH which leads t o  Phase 2 and aggressive concrete a t tack .  

Sandia proposes t h a t  they are observ ing more extens ive a t t a c k  because o f  low 

sodium t o  concrete r a t i o s  which progress the  reac t i ons  i n t o  Phase 2, w h i l e  t h e  

HEDL t e s t  r e s u l t s  are p r i m a r i l y  con f ined  t o  Phase 1 because o f  t he  l a r g e  sodium 

t o  concrete r a t i o s .  l h e  mechanism proposed by Sandia could e x p l a i n  the  prev ious 
HEDL F-1 t e s t , 4  which r e s u l t e d  i n  extens ive concrete damage; however, t h i s  t e s t  

employed b a s a l j i c  t ype  concrete f o r  which t h e  amount o f  CaC03 i s  much lower 

( i . e . ,  b a s a l t i i  concrete i s  p r i m a r i l y  Si02). 

s p a l l i n g  a l so  occurred which prov ides more r a p i d  and g rea te r  amounts o f  water 

r e s u l t i n g  i n  reaching NaOH s a t u r a t i o n  sooner thereby g e t t i n g  i n t o  Phase 2. 

Assessment o f  HEDL and Sandia Sodi um-Concrete Experiments 

C l e a r l y ,  t he  l a rge -sca le  t e s t s  a t  Sandia d i f f e r  s i g n i f i c a n t l y  from t h e  sma l le r  

HEDL t e s t s .  Both the  Sandia and HEDL reac t i ons  appear t o  s t a r t  o u t  a t  app rox i ka te l y  

the  sa& rate;. A f t e r  some 15 mins., t he  Sandia r 'eactions acckl 'erated markedly 

as they entered what they have r e f e r r e d  t o  as a Phase I 1  reac t i on .  P re l im ina ry  

r e s u l t s  w i t h  NaOH added t o  a sodium-concrete t e s t  c e l l  a t  HEDL appear t o  i n d i c a t e  

t h a t ,  under the  cond i t i ons  employed a t  HEDL, NaOH has l i t t l e  o r  no e f f e c t  i n  

a c c e l e r a t i n g  t h e  r e a c t i o n  ra te .  Other competing mechanisms, such as s p a l l a t i o n ,  

may be impor tant  e ros i ve  processes i n  t h i s  m a t e r i a l .  Furthermore, t he  Phase I 1  

mechanism appears t o  tie app l i cab le  on l y  t o  l imestone concrete. 

Phase 2 s t ' i r t s  when the  sodium becomes sa tu ra ted  w i t h  NaOH, which 

I n  t h e  F-1 t e s t ,  extens ive concrete 



In t h e  HEDL t e s t s ,  the  surface was s tarved f o r  sodium due t o  the  presence o f  the  
react ion products. 
condi t ions,  i t  couldn ' t  reach a f resh  concrete surface t o  react .  
more e a s i l y  d i f fuse  out  of a small t e s t  p a r t i c l e .  
could cause s p a l l a t i o n  i f  the pressure exceeded the  concrete t e n s i l e  s t rength.  

There was an excess of sodium but ,  because of the  quiescent 
Also, gas could 

In a la rger  specimen, t h i s  gas 

In the Sandia t e s t s ,  i t  appears t h a t  t h e  vigorous a g i t a t i o n  of the  material  above 
t h e  concrete may not allow a pro tec t ive  layer  of i n e r t  react ion products t o  
remain i n t a c t .  
un t i l  a l l  t h e  sodium i s  consumed. 

This a g i t a t i o n  could bring f resh  sodium t o  the  concrete surface 

Both the  HEDL and Sandia t e s t s  have produced thermally-induced cracks in  t h e  
concrete ,  b u t  these do not appear t o  contr ibute  s i g n i f i c a n t l y  t o  the  penetrat ion 
r a t e .  The  sodium does not wet the  concrete and does not appear t o  enter t h e  

cracks.  
being released from the heated concrete.  
sodium which might otherwise tend t o  e n t e r  the  cracks.  
depth of sodium i n  FFTF (16 f t .  f o r  t h e  case where a l l  o f  t h e  reac tor  vessel 

inventory s p i l l s  on t h e  reac tor  cavi ty  f l o o r ) ,  the  hydrostat ic  pressure wil l  be 
approximately 8 p s i ,  and t h i s  may be s u f f i c i e n t  t o  force some sodium in to  the  
cracks and enhance erosion.  

In addi t ion ,  these  cracks a r e  most l i k e l y  low impedance paths f o r  gas 

One would expect t h i s  gas t o  expel any 
With the  much grea te r  

Some small-scale sodium-concrete react ion t e s t s  performed a t  t h e  Aerospace 
C ~ r p o r a t i o n , ~  with 2 i n .  diameter specimens were cons is ten t  with the  HEDL r e s u l t s  
f o r  limestone concrete.  
e f f e c t  was observed. Comparing the  Aerospace, HEDL and Sandia d a t a ,  i t  seems 
t h a t  some of t h e  d i f fe rences  may be due t o  the sca le  of t h e  experiments. 

The ex ten t  o f  penetrat ion was s i m i l a r ,  and a s e l f - l i m i t i n g  

We bel ieve t h a t  s p a l l i n g  may cont r ibu te  s i g n i f i c a n t l y  t o  t h e  g r e a t e r  erosion 
observed i n  some of the Sandia experiments. 
found in  the  residue of the t h i r d  Sandia e ~ p e r i m e n t , ~  i s  a t  a l l  t y p i c a l ,  sca le  
e f f e c t s  may be  important i n  the  erosion of concrete  by sodium. 
was 25 cm i n  diameter, near ly  equal t o  the  e n t i r e  reac t ing  a rea  of t h e  HEDL 

t e s t s ,  one would not expect t o  see s p a l l a t i o n  on t h i s  sca le  in  the  HEDL experi- 
ments. I t  i s  expected t h a t  such a chunk wi l l  form only i n  an area i n  which t h e  
in te rna l  pressure of the  concrete  had not been rel ieved by thermal cracking. 
such a chunk were t o  spa11 and were ra i sed  an inch o r  two, the react ing surface 
a rea  l o c a l l y  would be more than t r i p l e d  ( t h e  or ig ina l  surface and the two opposing 

edges of t h i s  chunk would be s u b s t a n t i a l l y  increased,  forming an annulus of gas 
which would d i s r u p t  the pro tec t ive  layer  of react ion products.  
t ranspor t  of sodium t o  t h e  f r e s h l y  exposed concrete would l i b e r a t e  heat a t  a 
g r e a t e r  r a t e  favot ing more s p a l l a t i o n  loca l ly .  

I f  the  spal led chunk of concrete 

Since the  chunk 

I f  

' f rac tured  sur faces ,  each somewhat l a r g e r  than t h e  o r i g i n a l ) .  The gas flow a t  the  

The increased 
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Pene t ra t i on  Rates F i n a l  Pene t ra t i on  Depth 

There i s  good data a v d i l a b l e  f o r  t h e  p e n e t r a t i o n  o f  sodium i n t o  small  sur face 

area concrete samples 

n o t  pene t ra te  beyond 3 i n .  i n t o  a 1 sq. f t .  concrete sample. Wi th  s u b s t a n t i a l l y  

l a r g e r  surfaces, Salnd'ia found i n  t h e i r  f i r s t  t h ree  t e s t s ,  t h a t  t h e  p e n e t r a t i o n  

extended approximately 6 i n .  a f t e r  t h r e e  hours. We tend t o  f a v o r  t h e  Sandia 

p e n e t r a t i o n  r a t e  f i nd rngs  s ince  the  experimental s i z e  i s  c l o s e r  t o  the  s i z e  of 

t h e  r e a c t o r  c a v i t y .  

The HEDL r e s u l t s  i n d i c a t e  t h a t  a t  871°C, sodium should 

HEDL f i t t e d  the  f i r s t  t h r e e  Sandia experiments t o  a f u n c t i o n ,  Equation ( 3 ) ,  based 

on t h e i r  smal l -sca le experiments: 

Values o f  t h e  c o e f f i c i e n t s  al and a2 were found t o  be 12 i n .  and 0.5 hours. 

these assumptions are c o r r e c t ,  then t o e  p e n e t r a t i o n  f u n c t i o n  p r e d i c t s  t h a t  sodium 

p e n e t r a t i o n  w i l l  n o t  exceed 12 i n .  

If  

The constants  i n  Equation (3) above were determined e m p i r i c a l l y  from l i m i t e d  data 

from experiments w i t h  du ra t i ons  as l ong  as 24 hours. 

development o f  these equations t h a t  t h e  sodium-concrete r e a c t i o n s  were zero order  

w i t h  a f i r s t  order  r e t a r d a t i o n  e f f e c t  due t o  r e a c t i o n  p roduc t  accumulation. 

However, w i t h  t h e  compl icated system o f  reac t i ons  known t o  occur between sodium, 

NaOH and concrete,  t he  r e a c t i o n  r a t e  i s  probably  more complex than Equation (3) 

i n d i c a t e s .  Each s tep  i n  t h e  r e a c t i o n  process w i l l  have i t s  own r a t e  equat ion and 

v e l o c i t y  constant ,  <and the  slowest r e a c t i o n  w i l l  determine the  r a t e  o f  t h e  o v e r a l l  

system. 

It was assumed i n  the  

I f  t h e  d i f f u s i o n  o r  t r a n s p o r t  o f  sodium through t h e  r e a c t i o n  product  l a y e r ,  
r a t h e r  than chemicail k i n e t i c s ,  i s  t h e  r a t e - c o n t r o l l i n g  f a c t o r ,  then t h e  r e a c t i o n  

r a t e  might  approximate a f i r s t  order  f u n c t i o n  p l u s  a c o r r e c t i o n  f o r  r e a c t i c n  

product  accumulation. 

where t h e  i n e r t  r e a c t i o n  product  l a y e r  separated and i n s u l a t e d  t h e  concrete 

sur face f rom t h e  exes:; o f  sodium, e i t h e r  d i f f u s i o n  o r  chemical k i n e t i c s  might  be 

t h e - l i m i t i n g  f a c t o r .  However, i n  t h e  more v i o l e n t  cond i t i ons  o f  t h e  l a r g e r  sca le  

Sandia t e s t ,  t h e  r e a c t i o n  seemed t o  be l i m i t e d  n o t  by t h e  format ion o f  a p ro tec -  

t i v e  l a y e r  o f  r e a c t i o n  products ,  b u t  r a t h e r  by t h e  exhaustion o f  t h e  sodium 

Under the  quiescent  cond i t i ons  o f  t h e  HEDL experiments, 

supply. 

The r e s u l t s  o f  t h e  th ree  Sandia " l a rge -sca le  tes ts ' '  w i t h  1 imestone concrete a re  

as fo l l ows :  
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Tes t  Dura t i on  (min.) Pene t ra t i on  ( i n . )  

I 

11. 
I11 

22. 

40. 

180. 

3.25 

3.58 

6.0 

These data, by themselves, do n o t  suggest a s a t u r a t i o n  e f f e c t  l e v e l i n g  ou t  a t  12 

i n .  pene t ra t i on .  L a t e r  Sandia data,  t h e  d e t a i l s  o f  which a re  n o t  y e t  a v a i l a b l e ,  

apparent ly  do n o t  show a p e n e t r a t i o n  extending beyond 6 inches. HEDL's proposed 

" f i t "  o f  t he  th ree  Sandia data p o i n t s  t o  t h e i r  f u n c t i o n ,  Equation (3), i s  uncon- 

v inc ing .  Using t h e  same t h r e e  Sandia t e s t  r e s u l t s ,  a b e t t e r  f i t ,  f o r  example, 

can be obta ined by us ing  a s t r a i g h t  l i n e  on a l o g - l o g  p l o t ,  such as the  f u n c t i o n ,  

X = 4.3t(7'2), i n d i c a t i n g  t h a t  p e n e t r a t i o n  cont inues t o  increase w i t h  t ime.  

We b e l i e v e  t h a t  under t h e  experimental cond i t i ons  o f  t h e  Sandia t e s t s ,  t h e  

r e a c t i o n  r a t e  w i l l  even tua l l y  decrease as the  r e s u l t  o f  t h e  lowered concen t ra t i on  

o f  sodium i n  t h e  d e b r i s  above the  unreacted concrete. The quest ion i s  how long 
i t  w i l l  t ake  f o r  t h i s  t o  occur. Given an excess o f  sodium, and a deep pool ,  as 

might  be expected i n  a core meltdown event, t h e  p e n e t r a t i o n  may be g rea te r  than 

t h a t  observed by Sandia and may proceed w e l l  beyond the  12 i n .  suggested by 

HEDL's equation. Larger sca le  and long-term t e s t s ,  on t h e  order  o f  100 hours, 

a re  needed t o  p rov ide  data on t h e  t o t a l  p e n e t r a t i o n  o f  sodium i n t o  b a s a l t  t ype  

concrete. 

A ser ious d i f f i c u l t y  i n  t r y i n g  t o  use t h e  a v a i l a b l e  data occurs because o f  t h e  

small number o f  experiments. 

t he  data a re  n o t  s t a t i s t i c a l l y  meaningful.  

each s e t  o f  condd ti ons. 

W i th  o n l y  one data p o i n t  f o r  each s e t  o f  cond i t i ons ,  

A d d i t i o n a l  experiments a re  needed f o r  

The data obta ined thus f a r  a re  f o r  experimental c o n d i t i o n s  v a s t l y  d i f f e r e n t  from 

those e x i s t i n g  f o l l o w i n g  a core meltdown event. The t r e n d  i n  t h e  data i n d i c a t e  

t h a t  r a t e  o f  p e n e t r a t i o n  increases w i t h  temperature, area o f  exposed sur face,  and 

p o s s i b l y  t h e  depth o f  t h e  sodium pool  ( t h e  l a t t e r  due t o  h y d r o s t a t i c  pressure and 

convection). 

mat ing a core meltdown event. 

under the  c o n d i t i o n s  o f  a meltdown event, t h e  p e n e t r a t i o n  r a t e  f o r  l imestone 

concrete should be i n i t i a l l y  t h a t  o f  t h e  Sandia t e s t s  and decrease w i t h  t ime  as 

t h e  sodium i s  consumed and t h e  r e a c t i o n  products  b u i l d  up i n  some way t o  p r o t e c t  

t h e  remaining unreacted concrete. 

The Sandia data were obta ined under cond i t i ons  more c l o s e l y  approx i -  

If no new s i z e - r e l a t e d  e f f e c t s  become opera t i ve  

S t a f f  Recommendation on Sodium-Concrete Pene t ra t i on  Rate 

A t  present ,  t he re  a re  very l i m i t e d  data p o i n t s  f o r  FFTF b a s a l t  t ype  concrete,  and 

t h i s  data can be i n t e r p r e t e d  i n  d i f f e r e n t  ways. 

long-term t e s t s  c l e a r l y  showing a s e l f - l i m i t i n g  r e a c t i o n  i n  t h e  t ime  frame o f  

I n  t h e  absence o f  large-scale,  
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i n t e r e s t  (" 100 hours),  we m u s t  recommend t h e  use of a constant  r a t e  of a t tack  f o r  
b a s a l t  concrete.  Furthermore, there i s  a l s o  a lack o f  long-term da ta  showing a 
s e l f - l i m i t i n g  react ion f o r  limestone concrete.  
t h e  H E D L  and Sandia datii, reasonably conservative r e s u l t s  should be used unt i l  
there is  a s a t i s f a c t o r y  explanation of the  data .  
ing explanations (two-phase react ions versus sca le  e f f e c t s )  f o r  the  d i f fe rence  
between the  Sandia and H E D L  r e s u l t s .  Although t h e  ava i lab le  da ta  i s  i n s u f f i c i e n t  
t o  provide a good bas is  f o r  a recommendation on t h e  penetrat ion r a t e  of sodium 
i n t o  concrete ,  a reasonably conservative s t a f f  recommendation i s  provided below 
Until more and b e t t e r  data  become ava i lab le .  

In view o f  the d i f fe rences  between 

Current ly ,  t h e r e  a r e  conf l ic t -  

For limestone concrete ,  the  r a t e  of a t tack  by sodium, based on the Sandla t e s t ,  
should be  on the  order  of ' I  i n .  per hour f o r  t h e  f i r s t  half-hour wlth a subsequent 
r a t e  of 1 in .  per hour t.hei*eafter. 
limestone concrete  suggest!; t h a t  a sca le  f a c t o r  o f  approximately four  may b e  

appropriate .  I f  t h i s  i s  applied t o  the  H E D L  magnetite concrete d a t a ,  t h e  constant  
sodium penetrat ion r a t e  woiild be 2 in .  pFr hour and f o r  b a s a l t  concrete ,  the  
constant  sodium penetrat,ion r a t e  would be 3 i n .  per hour. However, the  use of 
such a f a c t o r  may be artiiti-ary. Consequently, we consider a penetrat ion r a t e  of 
7 i n .  per hour f o r  the f'ir!;t half-hour followed by a r a t e  o f  1 in.  per  hour 
t h e r e a f t e r  t o  be  appropriate  f o r  b a s a l t  and magnetite concretes being employed i n  
t h e  FFTF. 

A comparison o f  t h e  Sandia and H E D L  data  f o r  

While a level ing of f  o f  the  penetrat ion probably occurs d u e  t o  react ion 
product buildup, we do riot bel ieve i t  i s  possible  t o  say a t  p resent ,  when i t  wi l l  
occur. Consequently, i n  t h e  absence o f  b e t t e r  da ta ,  a constant  r a t e  should be  

used. 

In t h e  f u t u r e ,  experiments a r e  needed w i t h  longer exposure t o  sodium. The experi- 
ments should be o f  t h e  l a r g e s t  s ize  t h a t  i s  p rac t ica l  and should be  a t  l e a s t  the  
size o f  the Sandia experiments. The  pool depth should be a t  l e a s t  two f e e t  s o  
t h a t  a subs tan t ia l  port ion o f  t h e  wall wi l l  be exposed t o  sodium. Based on the  
Sandia experience, th is  might enhance spa l la t ion .  W i t h  the g r e a t e r  depth,  con- 
vection would be more s i g n i f i c a n t .  
cont r ibu tor  t o  concrete  erosion a s  they may sweep away r e a c t i o n  products  from t h e  
center  toward t h e  s idewalls ,  t h u s  exposfng f resh  concrete  t o  a t t a c k  by sodium. 
In addi t ion ,  t h e  pool and concrete vessel  should be  presssurized t o  simulate a 
grea te r  depth o f  sodium which might push sodium i n t o  any cracks t h a t  develop. 

\ 

Convection cur ren ts  a r e  another possible  

The NRC Division o f  Reactor Safety Research is  supporting a confirmatory research 
program a t  Sandia Laboratories on sodium-concrete in te rac t ions .  
provide an independent assessment.of the H E D L  da ta ,  we requested researchers  a t  
Sandia Laboratories t o  meet w l t h  HEDL personnel t o  review t h e i r  sodium-concrete 
t es t  r e s u l t s .  
H E D L ' s  experiments on soldium-concrete in te rac t ions .  
attachment, Sandia has provided a del ineat ion o f  shortcomings i n  regard t o  
H E D L ' s  experimental design and da ta  which makes appl icat ion t o  FFTF accident  

In order  t o  

Attachment 1 t o  t h i s  appendix presents  Sandia 's  assessment o f  

As indicated i n  t h i s  

C-7 



c o n d i t i o n s  very quest ionable.  We b e l i e v e  t h a t  t h e  Sandia assessment prov ides 

f u r t h e r  evidence as t o  t h e  need t o  take a reasonably conservat ive p o s i t i o n  on 

the  sodium-concrete p e n e t r a t i o n  r a t e  u n t i l  larger-scale,-- longer-duration data 

become a v a i l a b l e .  

References 

1. 

2. 

3. 

4. 

5. 

" I n te rmed ia te  Scale Sodium-Concrete Reaction Tests," HEDL-TME-77-99, August 

1977. 

Memorandum t o  T.P.  Speis, Ch ie f ,  LMFBR Branch, NRR, from M. S i l be rbe rg ,  

Ch ie f ,  Experimental Fast  Reactor Sa fe ty  Research Branch, RES, dated August 

5, 1977, "Quick-Look Reports on Sandia P re l im ina ry  Sodium-Concrete 

I n t e r a c t i o n  Tests 1 and 2. 

Memorandum t o  T. P. Speis, Ch ie f ,  LMFBR Branch, NRR, from M. S i l be rbe rg ,  

Chief ,  Experimental Fast  Reactor Sa fe ty  Research Branch, RES, October 31, 1977, 

"Quick-Look Report on Sandia P re l im ina ry  Sodium-Concrete I n t e r a c t i o n  Test  3. 

"FFTF Secondary Sodium F i r e  P r o t e c t i o n  System Test F I ,  "HEDL-TME 73-48, 

A p r i l  1973. 

Swanson, D. G. ,  e t  a l . ,  "Annual Progress Report Eva lua t i on  o f  M a t e r i a l s  f o r  

CRBRP Core -Retention," The Aerospace Corporat ion,  NUREG/CR-0076, May 1978. 



ATTACHMENT 1 

Sandia Laboratories 
qqm' i I i r I '  j i  

M. S i l b e r b e r g ,  Chief  
Exp e r  imen t a 1 Fas t Reac t  or 
S a f e t y  R e s e a r c h  Braiich 
U .  S .  N u c l e a r  R e g u l a t o r y  Commission 
Washington,  D .  C .  20555 

Dear M r .  S i l b e r b e i 7 g :  

An i n f o r m a t i o n  exchange m e e t i n g  was h e l d  on June  1 4  - 15, 
1978,  between Sanclia and  t h e  Hanford E n g i n e e r i n g  Develop- 
ment Lab on sodium-concre te  i n t e r a c t i o n s .  T h i s  l e t t e r  
summarizes S a n d i a ' s  a s s e s s m e n t  o f  t h e  HEDL e x p e r i m e n t .  

HEDL r e p o r t e d  t h e  r e s u l t s  o f  1 3  sodium-concre te  i n t e r a c t i o n  
e x p e r i m e n t s  - 4 or1 : l imestone c o n c r e t e  and  9 on basal t  con- 
c r e t e .  S a n d i a  feEtl:j t h a t ,  i n  FFTF c o n s i d e r a t i o n s ,  t h e  
l i m e s t o n e  r e s u l t s  ai?e a moot p o i n t .  Based on t h e  r e s u l t s  
o f  t h e i r  basal t  c o n c r e t e  t e s t  s e r i e s ,  HEDL has concluded  
t h a t  the  sodium-concre te  r e a c t i o n  i s  s e l f  l i m i t i n g  and 
t h a t  t h e  e q u a t i o n  

where E = erosion in i n c h e s  
T = t i m e  i n  h o u r s  

i s  a c o n s e r v a t i v e  upper  l i m i t  o f  e r o s i o n  - bounding a l l  
known e x p e r i m e n t a l  data. 

S a n d i a ' s  p o s i t i o n  can  b e  summarized as f o l l o w s :  

1. Basalt c o n c r e t e s  do n o t  seem to o f f e r  a 
basis f o r  r g p i d , '  e n e r g e t i c  r e a c t i o n s  w i t h  
sodium such  as thorse e x p e r i e n c e d  w i t h  
l i m e s t o n e  c o n c r e t e s .  -However, no large 
s c a l e  t e s t s  have y e t  been  pe r fo rmed  on 
basal t  c o n c r e t e s .  

2 .  There  i s  c o n c e r n  t h a t  HEDL's f i x e d  sodium 
p o o l  d e p t h  ( 0 . 3  meters) has l e f t  unanswered 
the  q u e s t i o n  o f  p o o l  v i s c o s i t y .  " A d d i t i o n a l  
sodium may p roduce  a more d i l u t e  sodium - 
r e a c t i o n  p r o d u c t  m i x t u r e  a n d ,  t h u s  lead  to 
a more s u s t s i n e d  r e a c t i o n .  'I 
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3.  Tes ts  o f  d u r a t i o n s  l o n g e r  t h a n  2 4  h o u r s  
s h o u l d  be  pe r fo rmed .  

4 .  Additional.thermocouples, c l o s e r  to t h e  
r e a c t i o n  f a c e  i n  t he  c o n c r e t e ,  would 
s i g n i f i c a n t l y  enhance t h e  heat  t r a n s f e r  
a n a l y s i s .  

5 .  More lower  t e m p e r a t u r e  i n f o r m a t i o n  would 
add to t h e  b a s i c  u n d e r s t a n d i n g  o f  t h e  
chemica l  r e a c t i o n s  and t h e i r  k i n e t i c s .  

These p o i n t s  have been d i s c u s s e d  w i t h  HEDL. It i s  o u r  
u n d e r s t a n d i n g  t h a t  HEDL i s  f a b r i c a t i n g  a l a r g e  s c a l e  t e s t  
f a c i l i t y ,  w i t h  t h e  f i r s t  t e s t  p l a n n e d  f o r  September.. 
They a l s o  a re  p l a n n i n g  a 1 0 0  hour  t e s t  w i t h  t w i c e  t h e  
sodium p o o l  d e p t h .  T h e i r  p l a n s  c o n c e r n i n g  p o i n t s  4 and  5 
are n o t  known. 

D e v i l ' s  Advocate  q u e s t i o n s  t h a t  c o u l d  be  a s k e d  c o n c e r n i n g  
t he  FFTF t y p e  c o n c r e t e s  a r e :  

1. Sodium b u l k  c o o l i n g  e f f e c t .  I n  a n  a c t u a l  
r e a c t o r  s i t u a t i o n ,  t h e  volume o f  sodium w i l l  
p r o b a b l y  b e  l a r g e  enough t h a t  t h e  sodium 
w i l l  n o t  be  a p p r e c i a b l y  c o o l e d  by c o n t a c t  
w i t h  t h e  c o n c r e t e .  I n  r e a s o n a b l y  s c a l e d  
e x p e r i m e n t s ,  t h e  sodium i s  c o o l e d  by t h e  
c o n c r e t e  and  must b e  b r o u g h t  back  to t h e  
d e s i r e d  t e m p e r a t u r e .  Might n o t  t h e  
r e a c t o r  s i t u a t i o n  lead  to i n c r e a s e d  
s p a l l a t i o n  and  g r e a t e r  e r o s i o n  t h a n  t h e  
e x p e r i m e n t s  ? 

2 .  I s  h i g h  t e m p e r a t u r e  ( 8 7 1 O C )  sodium t h e  
w o r s t  c a s e ?  A r e  t h e  number o f  e x p e r i m e n t s  
t h a t  have been  pe r fo rmed  a t  lower  tempera-  
t u r e s  a d e q u a t e  to answer  t h i s  q u e s t i o n ?  

3. V e r t i c a l  v e r s u s  h o r i z o n t a l  c o n c r e t e  s u r f a c e s  
p e n e t r a t i o n  by sodium i s  c o n f u s e d .  HEDL re- 
s u l t s  show v e r t i c a l  p e n e t r a t i o n  2-1/2 t imes 
g rea t e r  t h a n  h o r i z o n t a l  p e n e t r a t i o n .  HEDL 
v e r t i c a l  e x p e r i m e n t s  had a sodium-gas i n t e r -  
f a c e ,  whereas t h e i r  h o r i z o n t a l  e x p e r i m e n t s  
d i d  n o t .  The same i s  t r u e  o f  S a n d i a  e x p e r i -  
ments ,  however,  t h e  S a n d i a  v e r t i c a l  walls 
were cu rved  s u r f a c e s .  

A 
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4 .  Only s i x  m a g n e t i t e  c o n c r e t e  e x p e r i m e n t s  
have been per formed.  None of t h e s e  e x p e r i -  
ments were l a r g e  s c a l e  or f o r  l o n g e r  t h a n  
2 4  h o u r s .  F u r t h e r  t e s t i n g  of m a g n e t i t e  con- 
c r e t e  h a s  not been i n d i c a t e d  by HEDL. Magne- 
t i t e  concr>ete  forms t h e  v e r t i c a l  walls i n  FFTF 
d e s i g n .  HEDL r e s e a r c h  i n d i c a t e s  maximum e r o -  
s i o n  occurns on v e r t i c a l  c o n c r e t e  s u r f a c e s .  

Should  you need  a d d i t i o n a l  i n f o r m a t i o n ,  p l e a s e  c a l l  m e  on 
475-6162. 

S i n c e r e l y ,  

R u s s e l l  Acton 
Thermal T e s t  P l a n n i n g  

and  A n a l y s i s  D i v i s i o n  1537 

RUA: 1537 : j r 

D i s t r i b u t i o n :  
1537 N .  R .  K e l t a e r  
1537 R .  U .  Acto.rl 
5167 J. E. Smaardyk 
5420 J .  Walker 
5422 R .  L .  Coats 
5831 R. A .  S a l l a c h  
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APPENDIX D 

-- Molten Fuel/Steel-Concrete I n t e r a c t i o n s  

Because o f  t h e  u n c e r t a i n t i e s  t h a t  e x i s t  i n  c e r t a i n  aspects o f  core meltdown 

phenomena, two scenarios were evaluated i n  Sect ion 15.3.6 (Containment Response 

t o  a Core Meltdown Event), namely a coo lab le  p a r t i c u l a t e  d e b r i s  bed and a mol ten 

pool .  I n  t h e  coolalble d e b r i s  bed scenario, t h e  core d e b r i s  fragments, s e l f - l e v e l s  

and forms a sodium-flooded coo lab le  d e b r i s  bed c o n f i g u r a t i o n  on t h e  lower  c a v i t y  

f l o o r .  The concretle w i l l  t hen  be p r i n c i p a l l y  a t tacked  by sodium. On t h e  o t h e r  

hand, i f  t h e  core d e b r i s  does n o t  fragment o r  i s  unevenly d i s t r i b u t e d ,  i t  may 

reme l t  due t o  decay heat  and t h i s  would expose t h e  concrete t o  a mol ten f u e l / s t e e l  

popl .  The concrete may a l s o  come i n  con tac t  w i t h  a mol ten pool  i f  t h e  f u e l / s t e e l  

m ix tu re  reaches the  concrete be fo re  t h e  sodium. Based on t h e  l i m i t e d  smal l -sca le 

experimental i n f o r m a t i o n  on fragmentation,’  t h e  s t a f f  can n o t  say a t  t h i s  t ime  

which o f  t h e  above two scenarios i s  much more l i k e l y .  Accord ing ly ,  Sect ion 

15.3.6 evaluated t h e  FFTF containment response t o  those two p o s s i b l e  scenarios, 

and t h i s  appendix p,resents an assessment o f  t h e  s t a t e  of technology on mol ten 

fue l / s tee l - conc re te  i n t e r a c t i o n s .  

2 I f  a coo lab le  debr i ! j  bed does n o t  form, experiments a t  t h e  Aerospace Corporat ion,  

showed p e n e t r a t i o n  i n t o  concrete by mol ten U02 a t  t h e  r a t e s  o f  5.5 i n / h r .  f o r  

b a s a l t  concrete, 2.4 i n . / h r  f o r  magneti te concrete and 1.0 i n /h r .  f o r  l imestone 

concrete. I n  these experiments, t h e  a p p l i e d  i n t e g r a t e d  power was 12.5, 13.4 and 

6.25 KWHR, respective1.y. These p e n e t r a t i o n  r a t e s  a re  s u b j e c t  t o  some qual i f i c a -  

t i o n s  i n  t h a t  t h e  experimenters cou ld  n o t  say what f r a c t i o n  o f  t h e  app l i ed  power 
was coupled i n t o  t h e  ma te r ia l .  

and m a t e r i a l  and t h e  c o n d u c t i v i t y  o f  t h e  l i q u i d .  I f  t h e  coup l i ng  i s  s i m i l a r  f o r  

each concrete, s ince  t h e  i n t e g r a t e d  powers were s i m i l a r ,  b a s a l t  would seem t o  be 

a t  l e a s t  r e s i s t a n t  t o  pene t ra t i on  by U02. 

1.5 i n .  i n  diameter 

moved t h e  s t i n g e r  e lec t rode  over  t h e  e n t i r e  tfo2 poo l .  

poo l  may n o t  have been mol ten a t  a l l  t imes. 

Th is  depends on t h e  coup l i ng  between t h e  plasma 

Also, t h e  area heated was o n l y  about 

I n  order  t o  heat  t h e  e n t i r e  q u a n t i t y  o f  U02, t h e  operator  

Consequently, t h e  e n t i r e  

I n  t h e  Sandia mol ten core d e b r i s   experiment^,^ t h e  e r o s i o n  r a t e  v a r i e d  from 

25-135 cm/hr f o r  b a s a l t i c  and l imestone concretes. Mol ten s t e e l  a t  170OoC was 

used i n  one s e t  o f  t e s t s  and caused e ros ion  a t  t h e  low,,end o f  t h e  range. A 

mol ten s tee l -mixed ox ide m ix tu re  (no t  i n c l u d i n g  U02) a t  280OoC caused e ros ion  a t  

t h e  h igh  end o f  t h e  range. 

t h e  m i x t u r e  was much ljess than  f o r  a U02 - s t e e l  mix ture.  

been g rea te r ,  t h e  p e n e t r a t i o n  would a l s o  have been greater .  Sandia f e l t  t h a t  

t h e  s t e e l  c o n s t i t u e n t ,  r a t h e r  than  t h e  ox ide,  was respons ib le  f o r  most o f  t h e  

I n  t h e  l a t t e r  s e r i e s  o f  experiments, t h e  d e n s i t y  o f  

I f  t h e  d e n s i t y  had 
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eros ion,  due t o  i t s  g rea te r  c o n d u c t i v i t y .  Eros ion was thought t o  be caused 

p r i m a r i l y  by m e l t i n g  o f  t h e  concrete r a t h e r  than  by s p a l l l n g  o r  chemical a t t a c k  

and seemed t o  be independent o f  t he  t ype  o f  concrete. 

The s t a f f  a l s o  be l i eves  t h a t  m e l t i n g  o f  t h e  concrete cons t i t uen ts  w i l l  be t h e  

dominant cause o f  pene t ra t i on .  

t h e r e  can be no p r o t e c t i v e  l a y e r .  

mel t .  

temperature f a r  above t h e  m e l t i n g  p o i n t  o f  concrete. 

d i f f e r e n t  from t h e  a t t a c k  o f  sodium on concrete because t h e  sodium temperature 

i s  f a r  below t h e  concrete m e l t i n g  temperature. 

core d e b r i s  ( s t a i n l e s s  s t e e l )  w i l l  p robably  be ab le  t o  t r a n s f e r  more energy t o  

t h e  concrete than U02, which i s  a good i n s u l a t o r ,  a t  l e a s t  i n  i t s  s o l i d  s ta te .  

The h igh  d e n s i t y  o f  t h e  core debr i s  means t h a t  

Fresh concrete i s  c o n t i n u a l l y  exposed t o  t h e  

S p a l l a t i o n  w i l 1 , b e  r e l a t i v e l y  unimportant because the  core debr i s  i s  a t  a 

This  s i t u a t i o n  i s  very  

M e t a l l i c  cons t i t uen ts  o f  t h e  

If t he  scenar io  w i t h  mol ten core d e b r i s  i n  con tac t  w i t h  concrete I s  c r e d i b l e ,  as 

we b e l i e v e  i t  i s ,  t h e  Pene t ra t i on  r a t e  and e x t e n t  w i l l  be h ighe r  than w i t h  o n l y  

sodium i n  con tac t  w i t h  concrete. Sandra's h igh  temperature - h i g h  heat  f l u x  
p e n e t r a t i o n  r a t e  i s  i n  excess o f  4 f t . / h r .  However, t h i s  i s  considered t o  be an 

upper bound. 

e x i s t  f o r  t h e  FFTF, we b e l i e v e  t h a t  a reasonable est imate based on t h e  Sandia 

and Aerospace Corporat ion data i s  t h a t  t h e  steady s t a t e  p e n e t r a t i o n  o f  a mol ten 

f u e l / s t e e l  pool  i n t o  t h e  r e a c t o r  c a v i t y  concrete w i l l  be i n  t h e  range o f  1 t o  3 
i n / h r .  

Taking i n t o  account t h e  heat  f l u x  from t h e  core d e b r i s  t h a t  would 

For t h e  l a s t  t h r e e  years, NRC's D i v i s i o n  o f  Reactor Sa fe ty  Research has been 

suppor t ing a con f i rma to ry  research program a t  Sandia Laborator ies on t h e  m a t e r i a l s  

t h e  Sandia researchers t o  p rov ide  us w i t h  t h e i r  c u r r e n t  s t a t e  o f  understanding 

o f  high-temperature melt/concrete i n t e r a c t i o n s .  Sandla's response i s  p rov ided  

i n  Attachment 1 t o  t h i s  appendix. Our recommendation as p rov ided  above on t h e  

p e n e t r a t i o n  r a t e  o f  a mol ten f u e l / s t e e l  pool  i n t o  t h e  FFTF r e a c t o r y  c a v i t y  

concrete r e f l e c t s  cons ide ra t i on  o f  t h e  Sandia assessment. 

' i n t e r a c t i o n s  between mol ten f u e l / s t e e l  and concrete. Accord ing ly ,  we requested 
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I. MELT PENETRATION 

A. Melt erosion of the concrete is due to melting. 

Spallation of the concrete either by thermally induced 

stresses or pressurization is an insignificant phenomenon 

accounting for penetration of no more than 0.5 cm. 

is true for a wide variety of concrete including that made 

This 

with basaltic aggregate. 

B. The rate of melting attack is a function of the 

difference between the solidus temperature of the concrete 

and the bulk temperature of the melt. 

relatively low solidus temperatures ( ~ l l O O o c ) ,  such 

basaltic concrete and limestone concrete made with 

natural sand,erode much more rapidly than do concretes, 

such as the CRBR limestone concrete, that contain little 

silica ( <  1 w/o) and have high solidus temperatures ('L 148OOC) 

Concretes having 

The functional dependence of concrete erosion rate on 

the melting temperature is complicated when the bulk temp- 

erature of the melt is less than the liquidus temperature 

of the concrete. Melting of the concrete is not complete 

in this case, and residual, solid, refractory material im- 

pedes heat transfer from the melt to the concrete. 

complexity in the dependence of erosion on temperature is 

not important for basaltic concrete and silica-rich lime- 

stone concrete. The melting temperature ranges of these 

This 

W -1100  0- C; Tliquidus < 1400OC) solidus concretes (T 

are entirely below the solidification temperatures of 

most phases present in a'core melt. The complexity is 

important for refractory concretes whose melting temperature 

intervals include the solidification temperatures of the 
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C.  The e x t e n t  olf m e l t  p e n e t r a t i o n  i s  a f u n c t i o n  of - 

d i f f e r e n c e  between h e a t  genera ted  w i t h i n  t h e  m e l t  and 

h e a t  l o s s e s  f r o m  t h e  melt. Heat l o s s e s  from t h e  m e l t  i nc lude  

I - 

-- 
t h e  en tha lpy  necessary  t o  r a i s e  t h e  tempera ture  of t h e  

a d j a c e n t  conc re t e .  Endothermic r e a c t i o n s  of c o n c r e t e  

decomposition are  major c o n t r i b u t o r s  t o  t h i s  en tha lpy  

on ly  i n  t h e  c a s e  of l imes tone  conc re t e .  The en tha lpy  

t o  raise b a s a l t i c  c o n c r e t e  t o  i t s  l i q u i d u s  tempera ture  i s  

2 5  - 5 0 %  less than  t h e  corresponding v a l u e  f o r  l imes tone  

conc re t e .  Consequently,  a m e l t  of given h e a t  c o n t e n t  

w i l l  e rode  more b a s a l t i c  t han  l imes tone  conc re t e .  

Erosion of  c o n c r e t e  i s  a l s o  l i m i t e d  by o t h e r  h e a t  

l o s s e s  from t h e  m e l t .  Ex tens ive  gas  e v o l t u i o n  produced 

i n  m e l t  a t t a c k  on l imes tone  c o n c r e t e  c o n t r i b u t e s  t o  

l i m i t i n g  t h e  h e a t  t r a n s f e r r e d  i n t o  t h e  c o n c r e t e  t o  about  

2 5 %  of t h e  h e a t  a v a i l a b l e  from t h e  m e l t .  I n  t h e  c a s e  of  

b a s a l t i c  c o n c r e t e  about  35% of t h e  a v a i l a b l e  hea t  passes 

i n t o  t h e  concrete. 

D.  D i r e c t i o n a l  n a t u r e  of  h e a t  f l u x  from t h e  m e l t  t o  - 

t h e  c o n c r e t e  i s  infl-iienced by g a s  generatEon rates.  

The r a t i o  of h o r i z o n t a l  t o  v e r t i c a l  h e a t  f l u x e s  i s  a f u n c t i o n  

- 

of t h e  i n v e r s e  of  t h e  rate of  g a s ' g e n e r a t i o n  r a t e .  The 

r a t i o  i n  t h e  c a s e  of  CRBR l imes tone  c o n c r e t e ,  which has  

a h igh  g a s  gene ra t ion  ra te ,  i s  n o ' g r e a t e r  t han  1 t o  7 .  

The r a t i o  f o r  a t t a c k  on b a s a l t i c  c o n c r e t e  i s  about  1 t o  3 .  

One consequence of  t h i s  d i r e c t i o n a l  n a t u r e  of h e a t  f l u x  

D--5 



1 
-3-  

is that once a cavern is formed by the melt in the 

concrete, it tends to grow preferentially downward. The 

magnitude of this preference, which is dependent on the 

gas generation rate, influences directly the amount of 

concrete that must be eroded to produce a given extent 

of concrete penetration. 

E. MJ 

than oxidic melts. The ability of a melt to impart heat 

to concrete - the effective melt thermal conductivity - 
is the most important melt property for estimating melt 

attack on concrete. This property completely overshadows 

the effects of concrete wetting by the melt and the solu- 

bility of concrete in the melt. 

concrete at least 10 times more vigorously than oxidic melts 

Steel therefore attacks 

with similar solidification temperatures. 

F. The mechanism of heat transfer from the melt to 

concrete is poorly understood. 

been proposed for this heat transfer: 

At least three models have 

1) Simple conduction 

2) Stagnation flow about isolatdgas bubbles. 

3 )  Gas film impedance. 

Current speculation suggests that the heat transfer 

mechanism is temperature dependent. Simple conduction is 

applicable after solidification, stagnation flow develops 

at modest temperatures, and gas films arise at very high 

temperatures. Unfortunately, all of the above 'models 

yield predicted heat transfer rates well in excess of those 
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exper imenta l ly  observed. The m o s t  s u c c e s s f u l  models f o r  

p r e d i c t i n g  mel t /concre te  i n t e r a c t i o n s  r e l y  on empi r i ca l  
Gr3 

h e a t  t r a n s f e r  ra tes  de r ived  from t h e  experiments .  

Some of t h e  l i m i t a t i o n s  i n  t h e  p r e d i c t i v e  a b i l i t y  of  

mechanis t ic  h e a t  t r ans fe r  models may be t h e  r e s u l t  of 

poor unders tanding  of mel t /concre te  p r o p e r t i e s  such a s  

s u r f a c e  t e n s i o n .  

11. GAS GENE-RATION 

A. G a s e s  genera ted  du r ing  t h e  mel t /concre te  i n t e r a c t i o n  - 
a r e  t h e  r e s u l t  of  thermal  decomposition of  hydra t e s  and 

ca rbona te s  w i t h i n  t h e  conc re t e .  The dependence of gas  

g e n e r a t i o n  on c o n c r e t e  e r o s i o n  ar ises  on ly  i n s o f a r  a s  

tempera ture  p r o f i l e s  w i t h i n  t h e  c o n c r e t e  are dependent 

on c o n c r e t e  e ros ion .  Consequently,  gases  l i b e r a t e d  from 

t h e  c o n c r e t e  are no t  c l o s e l y  r e l a t e d  t o  t h e  conc re t e  

s to i ch iomet ry .  Water, which i s  more e a s i l y  l i b e r a t e d  

than  carbon d i o x i d e ,  i s  the  predominant gas  s p e c i e s  even 

du r ing  m e l t  i n t e r a c t i o n s  wi th  l imes tone .  F u r t h e r ,  gas  

release from b a s a l t i c  c o n c r e t e  i s  q u i t e  s i m i l a r  t o  gas  

r e l e a s e  from l imes tone  , conc re t e  .even though l imes tone  

c o n t a i n s  5 0 %  more ga:+generating s p e c i e s  pe r  u n i t  volume. 

- 

I 

The dependence- o f ,  gas  g e n e r a t i o n  on h e a t  t r a n s f e r  .. - <  

w i t h i n  t h e  c o n c r e t e  is well-understood3 ,Models p r e d i c t i n g  

g a s  gene ra t ion  rates,, h e a t  t r a n s f e r  w i t h i n  t h e  c o n c r e t e ,  

as  w e l l  a s  mois ture  mig ra t ion  w i t h i n  t h e  c o n c r e t e  are i n  an 

advanced s t a t e  of  development. 

' _  
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C. Gases liberated from the concrete are chemically 

reduced to hydrogen and carbon monoxide as they pass - 

through the metallic portions of the melt. Subsequent 

equilibration of the gases at cooler temperatures yields 

formation of hydrocarbons. 

adequate formalism for understanding the gas and gas-melt 

equilibria. Data to date show that within the melt the 

oxygen fugacity of the gas is buffered by the ferrous 

oxide-iron equilibrium. This buffering and the known 

Thermodynamics provides an 

elemental composition of the gas allows development of 

models to predict gas compositions throughout the melt/ 

concrete interaction. 

D. Oxidation of metallic portions of a melt is not - an 

unlimited process. In a closed system the oxygen fugacity 

of the atmosphere above the melt may become sufficiently 

low that metal oxides are reduced and reincorporated 

in the metallic melt. The reducibility of the rnetal 

oxides may be ordered as follows: 

Consequently, the aggressive metallic portions of the melt 

may not be completely depleted during the interaction. 

extent of concrete penetration may be therefore greater than 

The 

heretofor expected. The equilibrium metal content of 

the melt may be greater during melt/basaltic concrete 

interactions than during melt/limestone concrete interactions. 
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111. FISSION PRODUCT R E D I S T R I B U T I O N  

A. Data are befing - c o l l e c t e d  on t h e  r e d i s t r i b u t i o n  of 

f i s s i o n  product  mock - m a t e r i a l s  among t h e  o x i d i c  and meta l l ic  

p o r t i o n s  of t h e  core -- melt. P re l imina ry  r e s u l t s  sugges t  t h a t  

t h e  sparg ing  of  o x i d i z i n g  gases  through t h e  m e l t  r e s u l t s  i n  

d e p l e t i o n  of  f i s s i o n  products  from t h e  metal l ic  phases  

and c o n c e n t r a t i o n  of f i s s i o n  products  i n  t h e  o x i d i c  

phases .  P re l imina ry  d a t a  a l s o  sugges t  t h a t  n o n - i d e a l i t i e s  

o f  t h e  ox ide  l i q u i d  r lesu l t  i n  depressed  vapor p r e s s u r e  f o r  

some f i s s i o n  products .  Cesium and molybdenum ox ides  appear  

t o  be t i g h t l y  bound i n t o  t h e  ox ide  m e l t  and n o t  e s p e c i a l l y  

- v o l a t i l e  even a t  ternpleratures near  1 6 O O O C .  

B. A e r o s o l  gene ra t ion  - i s  e x t e n s  

be dependent on both  - melt tempera ture  and g a s  gene ra t ion  

r a t e s .  

been observed f o r  m e l t s  a t  % 280OOC. A t  150OOC a e r o s o l  

c o n c e n t r a t i o n s  amount t o  about  20-30 g/m . T i g h t  coupl ing  

Aerosol c o n c e n t r a t i o n s  of  up t o  1 3 0  g/m3 have 

3 

of m e l t  t empera ture  and gas  g e n e r a t i o n  ra tes  has  been 

an o b s t a c l e  t o  q u a n t i f y i n g  a e r o s o l  g e n e r a t i o n  ra tes  and t h e i r  

dependences. A e r o s o l  g e n e r a t i o n  remains a t  a r e l a t i v e l y  

p r i m i t i v e  l e v e l  of  unders tanding .  

C.  Aerosols a r i s e  - from non-fuel sou rces  a s  w e l l  as  

from f i s s i o n  products  - and f u e l .  Oxides of s teel  and 

c o n s t i t u e n t s  o i  conc:rete may c o n s t i t u t e  as  much as 35 w/o  

of a e r o s o l s  genera ted  d u r i n g  t h e  mel t /concre te  i n t e r a c t i o n .  

L _  

Non-fuel aerosols are e s p e c i a l l y  s i g n i f i c a n t  du r ing  i n t e r a c i o n s  

wi th  b a s a l t i c  conc re t e .  B a s a l t i c  c o n c r e t e  i s  r i c h  i n  
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alkali metal oxides and silica which may be sparged into 

the atmosphere above the melt. 

Significant quantities of non-fuel aerosols produced 

during the melt/concrete interaction would be expected 

to acceler.ate agglomeration of the particulate matter 

As a consequence, sedimentation and impaction of the aerosols 

above the melt would be expected to accelerate. 

IV. CO!!lPUTER MODELS 

A. INTER - the first preliminary attempt to model 
melt/concrete interactions. The model is based on the 

first large-scale melt/concrete tests. 

empirical and does not contain all the phenomena discovered 

in subsequent tests. 

model. It is now used primarily for sensitivity studies. 

It is highly 

INTER is not considered a predictive 

B. WECHSEL - a continuation of INTER. Contains 

additional phenomena but not quantitative data from recent 

tests. 

transfer mechanisms. 

Most development to date has been devoted to heat 

C. CORCON -- - An entirely now code which will contain 
all phenomena and quantitative data observed to date. 

CORCON will be mechanistic wherever possible. Where 

mechanisms are not available options will be included to 

permit use of empirical correlations or proposed but 

unverified models. CORCON, it is hoped, will be a predictive 

code. 

D-10 
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D.  GROWS - UCLA i s  modifying the GROWS code, which 

was developed for melt/core catch r interactions, to handle 

melt/concrete interactions. To date, the code is more 

primitive than I N T E R .  It is being used to study heat- 

transfer mechanisms. Limitations of the GROWS formalism 

suggest that any major development of this code is unlikely. 

6 



APPENDIX E 

P I P I N G  INTEGRITY 

Th is  appendix i s  p a r t  o f  t he  r e g u l a t o r y  s t a f f  s a f e t y  eva lua t i on  o f  t he  FFTF. I t  

addresses Appendix I3 o f  t he  FFTF F i n a l  Safety  Analys is  Report. P i p i n g  i n t e g r i t y  

i n  t h e  FFTF has been a concern because a r e a c t o r  coo lan t  p i p i n g  f a i l u r e  cou ld  

conceivably  be a p o t e n t i a l  acc ident  i n i t i a t o r .  P i p i n g  i n t e g r i t y  i s  a complex 

issue because the  consequences o f  a leak vary depending upon s i z e ,  l o c a t i o n ,  

temperature, f ea tu res  prov ided t o  m i t i g a t e  the  consequences o f  t h e  event, 

d e t e c t i o n  methods, 1,ime o f  response f o r  p r o t e c t i o n  system ac t i on ,  and most 

i m p o r t a n t l y  t h e  l eak  i n i t i a t i n g  mechanisms and the  i nhe ren t  m a t e r i a l  and load ing  

c h a r a c t e r i s t i c s  o f  t he  reac to r  coo lan t  system t o  r e s i s t  ca tas t roph ic  f a i l u r e .  On 

June 11, 1976, by  l e t t t ? r  t o  the  FFTF P r o j e c t ,  we concluded, based upon our  rev iew 

o f  Appendix B t o  t h e  F.Inal Safety  Analys is  Report, t h a t  i n  our  judgment a double- 

ended instantaneous p i p e  r u p t u r e  i n  the c o l d  l e g  o f  t h e  mafn pr imary heat  t r a n s p o r t  

system has a s u f f i c i e n t l y  low l i k e l i h o o d  o f  occurrence i n  t h e  FFTF, and t h a t  i t  

should n o t  be considered an i n i t i a t i n g  event t h a t  cou ld  l ead  t o  core me l t  and 

d i s r u p t i o n .  

Type 304 s t a i n l e s s  s t e e l  and the  b e l i e f  t h a t  t he  i n i t i a l  m a t e r i a l  p r o p e r t i e s  can 

be r e t a i n e d  and assured by adequate m a t e r i a l  t e s t  and s u r v e i l l a n c e  programs. 

Our judlgment i s  based upon t h e  i n h e r e n t l y  h igh  f r a c t u r e  toughness o f  

Our p o s i t i o n  was c o n d i t i o n a l  and was p red ica ted  upon hav ing s e n s i t i v e ,  r e l i a b l e  

l e a k  d e t e c t i o n  c a p a b i l i t y  t o  de tec t  small  leaks e a r l y  and meaningful i n s e r v i c e  

i n s p e c t i o n  t o  de tec t  c rack ing  o r  m a t e r i a l  degradation. No p o s i t i o n  was taken f o r  

h o t  l e g  p i p i n g  by t h e  s t a f f ,  s ince i n  t h e  FFTF i t  appeared t h a t  t h e  r e a c t o r  cou ld  
w i ths tand  h o t  l e g  p i p e  leaks, i n c l u d i n g  double-ended, w i t h  p r o t e c t i v e  system 

a c t i o n  i n i t i a t e d  by the f i r s t  o r  second l e v e l  t r i p  s igna l  w i t h o u t  l ead ing  t o  core 

d i s r u p t i o n .  The FFTF pr imary heat  t r a n s p o r t  system s t e e l - l i n e d  c e l l s  and r e a c t o r  

c a v i t y  a l s o  appeared capable o f  w i ths tand ing  sodium sprays and s u b s t a n t i a l  sod1 um 

s p i l l s  (w i thou t  molten f u e l  re lease)  w i t h o u t  exceeding t h e  c a p a b i i i t y  o f  f a i l i n g  

the  s t r u c t u r e  f o r  on12 design cyc le ,  us ing  a 5 percent  s t r a i n  c h t e r i o n  f o r  t he  

design o f  t he  s t e e l  l i n e r s .  

Ne i the r  the  s t a f f  nor t h e  FFTF P r o j e c t  es tab l i shed  a s p e c i f i c  des ign  bas i s  sodium 

leak.  I ns tead  parametr ic  s tud ies  were performed t o  i n d i c a t e  t h e  s e n s i t i v i t y  o f  

c e l l  pressures ' from spectrum o f  sodium sprays t o  a pool  t ype  s p i l l .  I n  a1 1 

cases run  by the  ProJect and t h e  s t a f f ' s  consu l tan ts  t h e  c e l l  l i n e r s  and c a v i t y  

l i n e r  were assumed t o  f u n c t i o n  i n  t h e  sense t h a t  they would remain e f f e c t i v e  i n  

p reven t ing  l a r g e  q u a n t i t i e s  o f  sodium from con tac t i ng  l a r g e  areas o f  concrete. 

Wi thout  t h e  c e l l  l i n e r s  the  sodium concrete r e a c t i o n  from a major s p i l l  o f  h o t  
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sodium cou ld  have t h e  p o t e n t i a l  t o  chal lenge t h e  containment system. 

c luded t h a t  any l a r g e  leak, which i n  t ime  from minutes t o  hours cou ld  d r a i n  t h e  

upper sodium pool  from t h e  r e a c t o r ,  cou ld  r e s u l t  i n  unacceptable consequences t o  

Containment s t r u c t u r e s  i f  t h e  c e l l  l i n e r s  cou ld  r i o t  be depended upon t o  l i m i t  t h e  

h o t  sodium con tac t  area w i t h  t h e  concrete. 

p r o t e c t  concrete su r face  areas from major sodium s p i l l s  t h e  r e s u l t  cou ld  be a 

chal lenge t o  containment from ove rp ressu r i za t i on  due t o  t h e  sodium concrete 

reac t i on .  Secondly, i n  t h e  event o f  a s u b s t a n t i a l  p i p e  leak,  one cannot be 

assured t h a t  t h e  r e a c t i o n  p roduc t  gases and secondary chemical r e a c t i o n  products  

formed cou ld  n o t  make t h e i r  way back I n t o  t h e  r e a c t o r  coo lan t  system and d i s r u p t  

t h e  convect ion heat removal process i n  adjace%nt main heat  t r a n s f e r  loops t o  p reven t  

decay heat  removal through these loops. 

t h a t  major c e l l  l i n e r s  associated w i t h  the  r e a c t o r  c a v i t y ,  pipeways, ove r f l ow  tank,  

and in te rmed ia te  heat  exchanger c e l l s  per form a ve ry  impor tant  s a f e t y  func t i on .  

We have con- 

Wi thout  r e l y i n g  upon c e l l  l i n e r s  t o  

For t h e  preceding reasons we have concluded 

Since t h e  impor tan t  s a f e t y  f u n c t i o n  o f  t he  s t e e l  l i n e r s  i s  t o  minimize t h e  con tac t  

o f  h o t  l i q u i d  sodium w i t h  concrete, we request  a v e r i f i c a t i o n  t e s t  which should 

p lace  emphasis on l i n e r  areas sub jec t  t o  p o t e n t i a l  f a i l u r e  o r  degradation t h a t  

cou ld  p rov ide  sodium access t o  l a r g e  concrete surfaces. 

r e a c t o r  c a v i t y  w i l l  n o t  be access ib le  f o l l o w i n g  s t a r t u p .  Where a c c e s s i b i l i t y  

e x i s t s  i n  heat  t r a n s f e r  system c e l l s  dye pene t ran t  o r  magnetic p a r t i c l e  examlna- 

t i o n  may be appropr ia te.  

behavior  of t h e  r e a c t o r  c a v i t y  l i n e r s .  T,he P r o j e c t  i s  requested t o  address the  

problem and i n i t i a t e  an approp r ia te  p e r i o d i c  v e r i f i c a t i o n  program f o r  c e l l  l i n e r s ,  

p o s s i b l y  coord inated w i t h  i n s e r v i c e  i n s p e c t i o n  o f  p i p i n g  i n  t h e  main heat  t r a n s f e r  

system. 

It i s  recognized t h a t  t h e  

Th is  i n f o r m a t i o n  can a i d  i n  assessing t h e  probable 

Wi th respec t  t o  p i p i n g  i n t e g r i t y  i n  t h e  c o l d  l e g  downcomer, t h e  o n l y  p ipes which 

have t h e  p o t e n t i a l  f o r  be ing  core d i s r u p t i v e  acc iden t  i n i t i a t o r s  w i t h  p r o t e c t i v e  

system a c t i o n  a re  t h e  c o l d  l e g  r e a c t o r  i n l e t  p ipes up t o  t h e  check valves. 

p i p i n g  i n t e g r i t y  argument advocated by t h e  P r o j e c t  i s  b u i l t  around a l e a k  be fo re  

break hypothesis which fo l l ows :  

The 

.(l) Q u a l i t y  assurance prevents  de fec ts  above a c e r t a i n  s i z e  from being b u i l t  i n t o  

t h e  p i p i n g  system; 

(2) I f  a small  d e f e c t  escapes o r  passes through the  q u a l i t y  assurance program, i t  

shoul-d n o t  be l a r g e r  than  an acceptable s i ze ;  

(3 )  I n  t h e  e x i s t i n g  s t r e s s  f i e l d s  o f  t h e  c o l d  l e g  p i p i n g  system, even a t  p o i n t s  

o f  s t r e s s  concentrat ion,  c rack  development w i l l  be p r e f e r e n t i a l l y  through t h e  

w a l l  r a t h e r  than  a long t h e  sur face;  and 

Crack growth r a t e s  l o n g i t u d i n a l l y ,  o r  c i r c u m f e r e n t i a l l y ,  w i l l  n o t  occur  a t  a 

h i g h  enough r a t e  t h a t  c r i t i c a l  c rack  s i z e  w i l l  be reached (16 inches t o  
(4) 
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20 inches) for. stainless steel piping (3/8-inch wall) for the sizes in the 
FFTF and that ample time will be available for; 

Leak detection systems, of sufficient sensitivity, to respond well in advance 
to permit an orderly plant shutdown before a self-propagating piping leak 
develops; therefore 

Piping integrity for the cold leg will be maintained sufficiently long that 
an instantaneous cold leg pipe rupture need not be considered a design basis 
event leading to core melt; and 

Material surveillance and inservice examinations will be initiated to provide 
further confidenc:e for piping system integrity to assure the continued 
reliability of the system over the 20-year plant life. 

We conditionally agree with the leak before break position proposed by the FFTF 

Project. 
implementation of: 

The conditions necessary to reach convergence from our point of view are 

Performance of representative preservice and inservice inspection in considering 
the status of construction to establish a baseline inspection. 

Verification of the installed in plant aerosol leak detection to demonstrate 
sensitivity and reliablity. 

Initiation of sn adequate material surveillance program in a prototypic 
environment to provide advance warning of unanticipated material degradation 
processes. 

That the above mentioned major cell liners be considered as important safety 
features which require a periodic ,verification of* function (prevention of 
gross sodium concrete contact) to accommodate an undefined sodium spill up to 
and including 'protected (with scram):,double-ended hot leg pipe rupture. 

following discussion is directed to supporting the conclusions arrived at 
I - i  2 3 -  . = * ) I  

regardjng cold leg piping integrity. 
that cell liners are iiistalled and can b6 expected to separate gross amounts of 
sodium from concrete and are considered as maintaining this function. 

For.this appendix it is sufficient to state 

There are %50,000 pciunds of hot sodium in the upper reactor pool that are above 
the elevated piping in the heat transfer system cells which could ultimately drain 
by gravity out of any but the smallest size piping leak unless the loop isolation 
valves were closed. 
and happened quickly, this quantity of sodium could be released very rapidly due 
to pump action and gravity flow or, if in the 28-inch hot leg, by gravity flow 
only 

If the hot leg leak was hypothesizid to be large (double-ended) 
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Th is  q u a n t i t y  o f  sodium i n  con tac t  w i t h  bare concrete would c rea te  a ser ious 

s a f e t y  concern from the  gas pressure and hydrogen generated from t h e  sodium- 

concrete r e a c t i o n  and would i n  t ime  be a p o t e n t i a l  chal lenge t o  t h e  containment 

system s t ruc tu res .  

r e a c t o r  c a v i t y  by a break beyond the  h o t  l e g  guard p i p e  as i t  passes through t h e  

r e a c t o r  c a v i t y .  Ne i the r  o f  these s i t u a t i o n s  i s  considered acceptable. 

A l a r g e r  amount o f  sodium cou ld  a l s o  be re leased i n t o  the  

The consequences o f  a l e a k  i n  t h e  c o l d  l e g  r e a c t o r  coo lan t  p i p i n g  beyond the  check 

va l ve  obv ious ly  vary depending upon t h e  l e a k  l o c a t i o n  and s i z e  o f  t h e  leak. 

s a f e t y  concern i s  t h e  category o f  leaks and leak  l o c a t i o n s  t h a t  can p o t e n t i a l l y  

cause b o i l i n g  i n  t h e  core through f l o w  s t a r v a t i o n  t o  t h e  core by f l o w  pass ing 

through t h e  l eak  even though scram and pump t r i p  have been i n i t i a t e d  by t h e  

p r o t e c t i v e  system. 

The 

An ana lys i s  o f  va r ious  s i zed  leaks a t  var ious l o c a t i o n s  , i n c l u d i n g  double-ended 

p i p e  rup tu re ,  was performed by the  P r o j e c t  and by t h e  s t a f f ' s  consul tants .  

s tud ies  i nc luded  p l a n t  p r o t e c t i v e  system a c t i o n ,  f l o w  impedance, t r i p  t ime  and 
pump coastdown t ime,  power generat ion decay, s to red  energy, and decay power. 

Since t h e  c r i t e r i o n  f o r  a c c e p t a b i l i t y  was n o t  t o  l ose  coo lab le  core geometry, i t  

was considered s a t i s f i e d  i f  b o i l i n g  d i d  n o t  occur i n  t h e  h o t  channel i n  t h e  core. 

These s tud ies  conclude t h a t  t he  t r a n s i e n t  temperatures f o r  t h e  h o t  channel do n o t  

reach b o i l i n g  b u t  t h a t ,  due t o  t h e  u n c e r t a i n t i e s  i n  h o t  channel f a c t o r s ,  t he  

margins aga ins t  b o i l i n g  may n o t  be as l a r g e  as p r e v i o u s l y  thought. 

breaks o r  breaks i n  the  c o l d  l e g  between t h e  check va l ve  and t h e  i n te rmed ia te  heat  

exchanger do n o t  appear t o  i n i t i a t e  b o i l i n g  i n  t h e  core f o r  a p r o t e c t e d  acc ident .  

These 

Hot l e g  p i p e  

R e a l i s t i c a l l y ,  instantaneous p i p e  rup tu res  o f  l a r g e  magnitude a re  considered 

h i g h l y  u n l i k e l y  events and the  l e a k  be fo re  break r a t i o n a l e  i s  reasonable i n  our  

view. Experience w i t h  many p i p i n g  systems has shown t h a t  leaks may be expected 

b u t  experience w i t h  h igh  temperature p i p i n g  systems u t i l i z i n g  new design methods 

i s  much more l i m i t e d .  It i s  s t i l l  considered necessary t h a t  one have adequate 

l e a k  d e t e c t i o n  o f  s u f f i c i e n t  s e n s i t i v i t y  and meaningful m a t e r i a l  s u r v e i l l a n c e  t o  

assure cont inued p i p i n g  i n t e g r i t y  over  t h e  l i f e  o f  t h e  p l a n t .  We recommend t h a t  

t h e  P r o j e c t  f u l l y  cons ider  t h e  recommendations i n  Sect ion 19.0 o f  t h i s  r e p o r t .  



APPENDIX C 

STAFF ANALYSIS OF FFTI' CONTAINMENT 

M A R G I N S  EX-VESSEL SCENARIO WITHC001.ABLE DEBRIS BED ASSUMPTION 
- 

F. 1 INTRODUCTION 

The NRC S t a f f  performed a se r ies  o f  parametr ic  analyses as p a r t  o f  i t s  t e c h n i c a l  assessment 

o f  t he  response o f  t he  FFTF containment t o  a pos tu la ted  core meltdown event. The purpose 

o f  t he  analyses repo r ted  i n  t h i s  appendix vias t o  o b t a i n  est imates o f  t he  t ime  a t  which the 

i n t e g r i t y  o f  t h e  containment would be chai lenged by t h e  fo rma t ion  o f  e i t h e r  excessive 

exp los i ve  hydrogen concentrat ions o r  excessive containment pressures d u r i n g  the  t r a n s i e n t  

r e s u l t i n g  from a pos tu la ted  mel t - through o f  t h e  r e a c t o r  vessel by core debr i s .  The r e s u l t s  

o f  these analyses were then used t o  c a l c u l a t e  the  r a d i o l o g i c a l  re lease a t  t he  s i t e  boundary 

due t o  the  pos tu la ted  acc ident .  

F. 2 ASSUMPTIONS 

I n  these analyses, t h e  occurrence of a core d i s r u p t i v e  acc iden t  (CDA) was pos tu la ted .  

This  CDA e i t h e r  consis ted o f  a 350 MW-sec t r a n s i e n t  overpower o r  a 100-110 $/sec l o s s  o f  

f l o w  event. The pos tu la ted  CDA caused t h e  f o l l o w i n g  re leases through the  r e a c t o r  head 

seals  i n t o  the  atmosphere o f  t h e  head compartment-reactor containment b u i l d i n g :  

(1) 1000 pounds o f  sodium, 

(2)  100% o f  t he  m b l e  gas f i s s i o n  products  from t h e  core, 

(3) 
(4) 1% o f  t he  v o l a t i l e  s o l i d s ,  and 

25%,of t h e  t o t a l  i o d i n e  i nven to ry  (75% remained i n  the  r e a c t o r  vessel ) ,  

(5) 1% o f  t he  f u e l .  
* .  . .  .. L' . 

I n  a d d i t i o n ,  i t  was assumed t h a c  133,000 pounds of sodium were e j e c t e d  i n t o  the  r e a c t o r >  

c a v i t y  through the  omega seal.. 

From the  r e a c t o r  containment b u i l d i ' n g  (RCB), t h e  above re leases cou ld  escape t o  t h e  outs ide.  

The RCB l e a k  r a t e  was assumed t o  be 0.1 v o l .  % p e r  day a t  pressures l e s s  than o r  equal t o  

the  design pressure of I D  ps ig .  

assumed t o  be d i r e c t l y  p r o p o r t i o n a l  t o  ds, where AP i s  t h e  pressure d i f f e r e n t i a l  between 

t h e  RCB atmosphere and t h e  ou ts ide  environment. 

- .  

For pressures g,reater than 10 p s i g ,  t h e  RCB l e a k  r a t e  was 

* L  

It was p o s t u l a t e d  t h a t ,  a t  t h ree  hours a f t e r  t h e  COB, t h e  core debr i s  melted through 

t h e  r e a c t o r  and guard vt?ssels. 
r e a c t o r  c a v i t y .  Core d e b r i s  i n  p a r t i c u l a t e  form d i s t r i b u t e d  i t s e l f  over the  s t e e l  

l i n e r  p r o t e c t i n g  t h e  f l o o r  o f  t h e  r e a c t o r  c a v i t y .  Sodium from the  r e a c t o r  coo lan t  

All o f  t h e  core d e b r i s  m a t e r i a l  was re leased i n t o  t h e  
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system ( i n c l u d i n g  t h e  remaining i nven to ry  from t h e  r e a c t o r  vessel and d ra inab le  p i p i n g )  

was re leased i n t o  t h e  c a v i t y  a t  1142OF assuming t h a t :  

t h e  heat  t r a n s p o r t  system, and (2) t h e  f i s s i o n  p roduc t  decay power remaining i n  the  

vessel a f t e r  t h e  pos tu la ted  CDA went i n t o  r a i s i n g  t h e  temperature o f  t h e  sodium u n t i l  

vessel p e n e t r a t i o n  occurred. Except f o r  t h e  i n i t i a l  re leases noted above, t he  d i s t r i -  

b u t i o n  o f  f i s s i o n  product  decay power was t r e a t e d  i n  t h e  same manner as i n  the  FFTF 

Containment Margins Report.’ A s e l f - l e v e l i n g ,  coo lab le  d e b r i s  bed was assumed t o  form 

on t h e  c a v i t y  f l o o r  l i n e r  covered by 619,000 pounds o f  sodium ( t h e  pr imary system 

inven to ry  l e s s  t h e  i n i t i a l  amount re leased t o  t h e  RCB). 

c a v i t y  f l o o r  l i n e r  d i r e c t l y  under t h e  guard vessel (346 f t  ) was assumed t o  f a i l  upon 

con tac t  w i t h  sodium, l ead ing  t o  a sodium-concrete reac t i on .  Th is  sodium-concrete, 

r e a c t i o n  cont inued u n t i l  i t  complete ly  pene t ra ted  t h e  3-fOOt t h i c k  f l o o r  o f  t he  r e a c t o r  

c a v i t y ,  s p i l l i n g  the sodium i n t o  t h e  u n l i n e d  subcavi ty  below. 

concrete r e a c t i o n  i n  the  subcavi ty  was assumed t o  l a s t  u n t i l  t h e  sodium had b o i l e d  o f f  

completely. 

t h e  c a v i t y  leaked con t inuous ly  i n t o  t h e  RCB through a one-foot diameter ho le  (ho le 

s i z e  a r b i t r a r i l y  chosen t o  ensure t h a t  t h e  atmospheres o f  these two c e l l s  would have 
approx imate ly  the  same pressure). The recombinat ion r e a c t i o n  between hydrogen and 

oxygen was a l s o  considered. The s t e e l  l i n e r s  p r o t e c t i n g  the,portion o f  t he  c a v i t y  

w a l l s  above t h e  sodium pool  were assumed t o  be vented t o  t h e  hea t ing  and v e n t i l a t i o n  

c o o l e r  room. 

(1) no heat had been removed by 

The c i r c u l a r  p o r t i o n  o f  t he  
2 

\ 

The subsequent sodium- 

The sodium-concrete heat  o f  r e a c t i o n  and data f o r  t h e  water re lease from 

’ hea t ing  concrete were taken from t h e  Containment Margins Report. ’  It was assumed t h a t  

F.3 ANALYTICAL MODEL 

These analyses were performed us ing  t h e  CACECO computer code.’ 

used was t h e  ve rs ion  o f  t he  code t r a n s m i t t e d  t o  t h e  Argonne Code Center (and descr ibed 

i n  Ref. 2) w i t h  severa l  m o d i f i c a t i o n s  which t h e  s t a f f  obta ined from t h e  author  o f  t h e  

CACECO code, R. D. Peak.3 

The v e r s i o n  o f  CACECO 

These m o d i f i c a t i o n s  cons is ted  o f :  
9 

(1) cons ide ra t i on  o f  t he  a c t i v i t y  o f  t h e  i so tope  Na-24, 

(2) e l i m i n a t i o n  o f  t h e  hydrogen-oxygen recombinat ion reac t i on ,  and 

(3) r e s t r i c t i o n  o f  nozz le f l o w  t o  one d i r e c t i o n  on ly .  

The CACECO model o f  t h e  FFTF used f o r  t h i s  a n a l y s i s  was e s s e n t i a l l y  t h e  same as t h a t  

used f o r  t h e  ex-vessel cases descr ibed i n  t h e  Containment Margins Report. 
1 

F.4 DISCUSSION OF ANALYSES 
. s  

The analyses descr ibed i n .  t h i s  appendix were performed s p e c i f i c a l l y  t o  evaluate t h e  

e f f e c t  o f  va r ious  sodium-concrete r e a c t i o n  r a t e s  on t h e  p r e d i c t e d  t r a n s i e n t  response 

o f  t h e  FFTF containment t o  a p o s t u l a t e d  core mel t - through event. 

e f f e c t  o f  d i r e c t i n g  i ? i o  t h e  sodium pool  t h e  water t h a t  was re leased from behind t h e  

i n t a c t  l i n e r s  p r o t e c t i n g  t h e  submerged o u t e r  f l o o r  and w a l l s  o f  t h e  r e a c t o r  c a v i t y  was 

assessed. 

t h e  ven t  p a t h  f o r  water re leased from behind these i n t a c t  l i n e r s .  

I n  a d d i t i o n ,  t h e  

Th is  assumption arose from a s t a f f  concern rega rd ing  p o s s i b l e  blockage o f  

F-2 
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An ex-vessel scenar io  (same terminology used i n  Ref. 1) which used the  assumptions 

i d e n t i f i e d  i n  Sec t i on  1F.2 was chosen as t h e  base case f o r  these analyses ( h e r e i n a f t e r  

r e f e r r e d  t o  as Case 1) Case 1 a l s o  assumed t h a t  t h e  sodium-concrete r e a c t i o n  r a t e  

was 3 inches/hr  and t h a t  the water re leased from behind t h e  submerged l i n e r s  i n  t h e  

c a v i t y  was d i r e c t e d  i n t o  the sodium pool .  

hydrogen accumulating -in the RCB was al lowed. Case 2 was i d e n t i c a l  t o  Case 1, except 

t h a t  v e n t i n g  and/purging o f  t h e  RCB were performed when t h e  hydrogen concen t ra t i on  i n  

t h e  RCB reached 4%. 

assumptions o f  Case 2. 

v a r i e d  from 2 inches/hour t o  0.5 inch/hour i n  0.5 inch/hour. increments. Otherwise 

these cases were i den t i ca ’ l  t o  Case 2. 

and 4 through 8, except t h a t  t h e  water re leased from behind t h e  submerged i n t a c t  

l i n e r s  i n  t h e  r e a c t o r  c a v i t y  was vented t o  t h e  hea t ing  and v e n t i l a t i o n  c o o l e r  room. 

Case 14 was i d e n t i c a l  t o  Case 2 except t h a t  i t  used a v a r i a b l e  sodium-concrete r e a c t i o n  

r a t e  ptoposed by t h e  P ro jec t .  

In Case 1, no v e n t i n g  o r  pu rg ing  o f  t h e  

In Case 3, hydrogen recombination was considered a long w i t h  t h e  

In Cases 4 through 8, the  sodium-concrete r e a c t i o n  r a t e  was 

Cases 9 through 13 were i d e n t i c a l  t o  Cases 2 

Th is  r a t e  was g iven by t h e  expression: 

-0 .5t  X = 12(1 - e ) 

X = p e n e t r a t i o n  i n  inches 

t = t ime  i n  hours 

where 

T h i s  r e a c t i o n  was assumed t o  te rm ina te  a f t e r  12 hours. 

Case 15 was i d e n t i c a l  t o  Case 9, except t h a t  t he  proposed v a r i a b l e  sodium-concrete 

r e a c t i o n  r a t e  was used. Case 16 dup l i ca ted  Case 716 as r u n  by R. D. Peak a t  HEDL, 

except t h a t  t h e  water  re leased from behind t h e  submerged c a v i t y  l i n e r s  was d i r e c t e d  

i n t o  t h e  sodium pool  i n  t h e  c a v i t y .  Case 17 was i d e n t i c a l  t o  HEDL’s Case 716. Table 

F . l  summarizes t h e  CACECO ‘runs performed i n  t h e  sub jec t  analyses. 

4 

F.5 RESULTS 

Figures F-1 through F-3 show t h e  CACECD p r e d i c t i o n s  o f  RCB pressure, RCB hydrogen 

concentrat ion,  and mass o f  t h e  sodium poo l  i n  t h e  r e a c t o r  c a v i t y  f o r  t h e  va r ious  

sodium-concrete r e a c t i o n  r a t e s  f o r  those cases where t h e  water re leased  from behind 

t h e  submerged i n t a c t  c a v i t y  l i n e r s  w 

F-1, i t  can be seen t h a t ,  from t h e  t ime  when t h e  core d e b r i s  mel ted through t h e  vessels 

u n t i  1 t h e  t ime  t h a t  t h e  .sodium-concrete r e a c t i o n  *compl’etely pene t ra ted  t h e  c a v i t y  

f l o o r ,  t h e  RCB p r e s s u r i z a t i o n  r a t e  was r a t h e r  slow. 

f a i l e d  and t h e  sodium s p i l l e d  on to  t h e  bare concrete subcav i t y  w a l l s  and f l o o r ,  t h e r e  

was a marked increase i n  t h e  p r e s s u r i z a t i o n  r a t e .  

sur face area o f  bare concrete exposed t o  a t t a c k  by sodium, ,which r e s u l t e d  i n  a more 

severe t r a n s i e n t .  

t h e  sodium-concrete reac t i on ,  t h e  t ime  t h a t  t h e  RCB<pressure reached i t s  design va lue 

o f  10 p s i g  ranged from 16 hours f o r  t h e  3 . 0  i nch /h r  case t o  about 76 hours f o r  t h e  0.5 

inch/hour r e a c t i o n  r a t e  case: I n  each o f  these cases, t h e  RCB pressure reached t h e  

des ign va lue w i t h i n  an hour a f t e r  t h e  t ime  o f  c a v i t y  f l o o r ’  f a i l u r e .  

i r e c t e d  i n t o  t h e  sodSum pool .  From F igu re  

I +  1 

However, when t h e  c a v i t y  f l o o r  

Th is  was ‘due t o ’ t h e  increased 

For  t h e  cases where t h e  c a v i t y  f l o o r  was complete ly  penetrated by 

It should a l s o  be 
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TABLE F.l 
SUMMARY OF CACECO FFTF RUNS 

CASE NO. DEFINITION 

1 EX-VESSEL SCENARIO USING ASSUMPTIONS SPECIFIED IN STAFF’S 
2/13/78 LETTER. WATER FROM SUBMERGED CAVITY WALL DIRECTED 
INTO CAVITY POOL. 

2 SAME AS CASE 1 EXCEPT NO RCB VENTING AND Hq PURGING ALLOWED. 

3 SAME AS CASE 2, EXCEPT H2 RECOMBINATION CONSIDERED. 

4 SAME AS CASE 2, EXCEPT THAT THE CAVITY FLOOR LINER REMAINS 
INTACT. 

5 SAME AS CASE 2, EXCEPT THAT THE Na- CONCRETE REACTION RATE = 
2.0 INCHEWHR. 

6 SAME AS CASE 2, EXCEPT THAT THE Na- CONCRETE REACTION RATE = 
1.5 INCHES/HR. 

SAME AS CASE 2, EXCEPT THAT THE Na- CONCRETE REACTION RATE = 
1.0 INCHES/HR. 

SAME AS CASE 2, EXCEPT THAT THE Na- CONCRETE REACTION RATE = 
0.5 INCHES/HR. 

7 

8 

9 SAME AS CASE 2, EXCEPT THAT WATER FROM CAVITY SUBMERGED WALL 
VENTED TO H 81 V COOLER ROOM. 

10 SAME AS CASE 9, EXCEPT THAT Na- CONCRETE REACTION RATE = 2.0 
INCHES/H R. 

11 SAME AS CASE 9, EXCEPT THAT Na- CONCRETE REACTION RATE = 1.5 
INCHES/HR. 

12 SAME AS CASE 9, EXCEPT THAT Na- CONCRETE REACTION RATE = 1.0 
INCHES/HR. 

13 SAME AS CASE 9, EXCEPT THAT Na- CONCRETE REACTION RATE = 0.5 
~ INCHES/HR. 

14 SAME AS CASE 2, EXCEPT THAT A VARIABLE Na- CONCRETE HEACTI8N 
RATE WAS USED. 

15 SAME AS CASE 9, EXCEPT THAT A VARIABLE Na- CONCRETE REACTION 
RATE WAS USED. 

16 HEDL CASE 716 AS RUN BY R. D. PEAK. 

17 SAME AS CASE 16, EXCEPT-THAT WATER FROM SUBMERGED CAVITY 
WALL DIRECTED INTO SODIUM POOL IN CAVITY. 
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noted t h a t  t h e  p r e d i c t e d  pressures f o r  Cases 8 and 14 were almost i d e n t i c a l .  

i n d i c a t e d  t h a t ,  f o r  t he  f i r s t  75 hours o f  t h e  ana lys i s ,  t he  t r a n s i e n t  behavior f o r  t h e  

scenario w i t h  t h e  proposed HEDL v a r i a b l e  sodium-concrete r e a c t i o n  r a t e  was very s i m i l a r  

t o  t h e  case w i t h  a constant  0.5 inch/hour r e a c t i o n  r a t e .  O f  course, s ince the  proposed 

Th is  

HEDL r e a c t i o n  r a t e  model s p e c i f i e d  t h a t  t h e  r e a c t i o n  would be terminated a f t e r  12 

inches o f  pene t ra t i on ,  t h e  c a v i t y  f l o o r  d i d  n o t  f a i l  i n  Case 14. Therefore, one would 

n o t  expect t h e  r e s u l t s  f o r  Cases 8 and 14 t o  be s i m i l a r  a f t e r  75 hours. Since ven t ing  

and pu rg ing  o f  t he  RCB were n o t  a l lowed f o r  a l l  these cases (except f o r  Case 1), t h e  

p r e d i c t e d  RCB pressures increased i n d e f i n i t e l y .  

t he  pressure t r a n s i e n t  would have been terminated a t  t h e  t ime ven t ing  occurred. 

I f  ven t ing  o f  t he  RCB had been assumed, 

F igure F-2 shows t h a t ,  i n  a l l  cases where the  submerged c a v i t y  l i n e r  vent  system was 

assumed t o  f a i l ,  t h e  hydrogen concen t ra t i on  i n  the  RCB reached 4 v o l .  % a t  t imes 

between 13 and 16 hours, regard less o f  t h e  sodium-concrete r e a c t i o n  r a t e .  

(corresponding t o  t h e  c a v i t y  f l o o r  p e n e t r a t i o n  t ime  f o r  Csse 2), t h e  hydrogen generat ion 

r a t e  increased s i g n i f i c a n t l y  because of  t h e  increased sodium-water r e a c t i o n  due t o  t h e  

l a r g e  amounts o f  water re leased from t h e  subcavi ty  concrete w a l l s  and f l o o r  i n t o  t h e  

sodium pool .  Although the c a v i t y  f l o o r  p e n e t r a t i o n  t imes f o r  t he  o the r  cases have n o t  
been shown on t h i s  f i g u r e ,  these cases would a l s o  e x h i b i t  s i m i l a r  increases i n  hydrogen 

generat ion beginning a t  c a v i t y  f l o o r  f a i l u r e  t ime. 

A t  12 hours 

F igu re  F-3 shows t h e  mass o f  t h e  c a v i t y  sodium pool  as a f u n c t i o n  o f  t ime. The knee 

observed i n  t h e  curves f o r  Cases 2, 5, 6, 7, and 8 corresponds t o  t h e  t ime t h a t  i n i t i a t i o n  

o f  r a p i d  generat ion o f  sodium vapor was p r e d i c t e d  by CACECO. Th i s  r a p i d  b o i l o f f  began 

s h c r t l y  a f t e r  t he  sodium s p i l l e d  i n t o  t h e  subcavi ty .  From t h i s  f i g u r e ,  i t  can be seen 

t h a t  t h e  t imes when t h e  sodium pool  was p r e d i c t e d  t o  b o i l  dry ranged from 28 hours f o r  

t he  3.0 inches/hour case t o  more than 100 holirs f o r  t h e  constant  0.5 inch/hr  case. 

Since the  c a v i t y  f l o o r  was n o t  penetrated f o r  Case 14, no r a p i d  b o i l o f f  was p r e d i c t e d  

f o r  t h i s  case. 

F igures F-4 through F-6 show the  RCE pressure, RCB hydrogen concentrat ion,  and c a v i t y  

pool  mass, r e s p e c t i v e l y ,  as func t i ons  o f  t ime p r e d i c t e d  by CACECO f o r  those cases 

where t h e  submerged i n t a c t  c a v i t y  l i n e r s  were vented t o  the  hea t ing  and v e n t i l a t i o n  

coo le r  room. 

from the  corresponding f i g u r e s  f o r  t he  cases where t h e  water re leased from behind t h e  

submerged i n t a c t  c a v i t y  l i n e r s  was d i r e c t e d  i n t o  t h e  sodium pool .  

F igures F-1 and F-4 shows t h a t  t h e  p r e d i c t e d  RCB pressures had the  same general behavior  

i? t h a t  t h e  p r e s s u r i z a t i o n  r a t e s  increased s i g n i f i c a n t l y  a f t e r  c a v i t y  f l o o r  penetrat ion.  

However, t h i s  increased p r e s s u r i z a t i o n  r a t e  was n o t  q u i t e  as r a p i d  f o r  t he  cases where 

t h e  i n t a c t  c a v i t y  l i n e r s  were vented t o  t h e  hea t ing  and v e n t i l a t i o n  coo le r  room. 

pressure h i s t o r i e s  f o r  Cases 9 and 10 a l s o  e x h i b i t e d  a maximum o c c u r r i n g  15-20 hours 

a f t e r  c a v i t y  f l o o r  f a i l u r e .  

dry. 

l a t e r  f o r  t h e  cases where t h e  i n t a c t  c a v i t y  l i n e r s  were vented t o  the  hea t ing  and 

v e n t i l a t i o n  coo le r  room. 

Examination o f  these f i g u r e s  revealed a number o f  s i g n i f i c a n t  d i f f e r e n c e s  

Comparison o f  

The 

Th is  corresponded t o  t h e  t ime t h a t  t h e  sodium pool  b o i l e d  

It can be seen t h a t  t h e  p r e d i c t e d  RCE pressures,reached t h e  10 p s i g  design va lue 
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Figure F-5 showed a marked c o n t r a s t  w i t h  F-2 rega rd ing  hydrogen generation. 

cases i n  which the  i n t a c t  c a v i t y  l i n e r s  were vented t o  the  hea t ing  and v e n t i l a t i o n  

c o o l e r  room, t h e  RCB hydrogen concen t ra t i on  d i d  n o t  reach 4 v o l .  % u n t i l  a f t e r  t h e  

sodium s p i l l e d  i n t o  the  subcavi ty .  Th i s  d i f f e r e n c e  was accounted f o r  by the  l a r g e r  

amounts o f  water re leased i n t o  t h e  sodium pool  i n  t h e  cases depic ted i n  F igure F-2. 

Th is  meant t h a t  a sodium-water r e a c t i o n  of grea te r  magnitude took place, which produced 

more hydrogen. The t o t a l  area o f  concrete r e l e a s i n g  water i n t o  the  pool i n  these 

cases (- 1400 f t  ) was much g rea te r  than f o r  t h e  cases where o n l y  t h a t  p o r t i o n  o f  t he  
2 l i n e r  which was assumed t o  f a i l  (-350 ft ) re leased water i n t o  the  sodium pool. 

For the  

2 

F igures F-7 through F-9 show a comparison o f  t he  CACECO p r e d i c t i o n s  o f  RCB pressure, 

RCB hydrogen concentrat ion,  and t h e  mass o f  t h e  sodium pool i n  the  r e a c t o r  c a v i t y ,  

r e s p e c t i v e l y ,  f o r  t h e  cases w i t h  an assumed sodium-concrete r e a c t i o n  r a t e  o f  3.0 

i nches/hour. 

According t o  F igure F-7, a t  any g i ven  t ime,  the  RCB pressure f o r  t he  case where t h e  

water re leased from behind t h e  submerged i n t a c t  c a v i t y  l i n e r s  was vented t o  t h e  hea t ing  

and v e n t i l a t i o n  coo le r  room was lower than t h e  RCB pressure f o r  t h e  cases where i t  was 
d i r e c t e d  i n t o  t h e  sodium pool .  Th i s  was caused by t h e  h ighe r  r a t e  o f  sodium vapor 

generat ion i n  Cases 2 and 3. 

noted t h a t ,  from F igu re  F-8, t h e  assumption t h a t ,  under c e r t a i n  cond i t i ons ,  t h e  hydrogen 

w i l l  recombine w i t h  t h e  oxygen i n  t h e  RCB extends t h e  t ime  t h a t  t h e  RCB hydrogen con- 

c e n t r a t i o n  reaches 4% from about 12 hours i n  Case 2 ( o r  -15 hours f o r  Case 9), t o  

approx imate ly  18 hours f o r  Case 3 (assuming recombination occurred). Th i s  means t h a t  

t h e  recombination assumption o n l y  delays t h e  t ime  a t  which a c t i o n  must be i n i t i a t e d  t o  

keep the  hydrogen concen t ra t i on  below 4 vo l .  % by about 6 hours. 

Examination o f  F igure F-9 bears t h i s  out .  I t  should be 

F igu re  F-10 shows a comparison o f  t h e  t ime  when t h e  p r e d i c t e d  RCB pressure reached t h e  

10 p s i g  design va lue as a f u n c t i o n  o f  sodium-concrete r e a c t i o n  r a t e  f o r  t h e  two se ts  

o f  water  re lease  p a t h  assumptions. From t h i s  comparison, i t  can be seen t h a t  t h e  t ime  

a t  which t h e  p r e d i c t e d  RCB pressure reached 10 p s i g  ranged from approximately 15 hours 

f o r  Case 2 t o  81 hours f o r  Case 13 i n  those cases where t h e  c a v i t y  f l o o r  was complete ly  

penetrated.  Th is  t ime  i s  r e l a t i v e l y  independent o f  t h e  water re lease  p a t h  assumption. 

F igu re  F-11 shows t h e  t ime  a t  which t h e  p r e d i c t e d  RCB hydrogen concen t ra t i on  reached 

t h e  4 vo l .  % l e v e l  f o r  t h e  cases where t h e  water re leased from behind t h e  i n t a c t  

submerged c a v i t y  l i n e r s  was d i r e c t e d  i n t o  t h e  sodium pool  as a f u n c t i o n  o f  sodium 

concrete r e a c t i o n  r a t e .  

was vented i n t o  t h e  hea t ing  and v e n t i l a t i b n  c o o l e r  room. 

seen t h a t  t h i s  t ime  i s  r e l a t i v e l y  i n s e n s i t i v e  t o  t h e  sodium-concrete r e a c t i o n  r a t e  f o r  

t h e  cases where t h e  re leased water  went i n t o  t h e  sodium pool .  

t h i s  water was vented i n t o  t h e  hea t ing  and v e n t i l a t i o n  coo le r  room, t h e  t ime  r e q u i r e d  

t o  reach t h e  4 v o l .  % va lue v a r i e d  from approximately 15 hours f o r  t h e  3.0 inches/hour 

r e a c t i o n  r a t e  case t o  about 45 hours f o r  t h e  proposed HEDL v a r i a b l e  r e a c t i o n  r a t e  

case. 

" 

It a l s o  compares these cases w i t h  t h e  cases where t h i s  water 

From t h i s  f i g u r e ,  i t  can be 

For t h e  cases where 
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Table F.2 contains a summary o f  the CACECO resu l t s  f o r  a l l  o f  the cases run i n  t h i s  

study. 

remained i n t a c t  a f t e r  the postulated melt-through, the on ly  cases where the RCB she l l  

temperature was predicted t o  be less than 500°F were those t h a t  assumed a react ion 

' r a t e  o f  0.5 incWhour. (The proposed HEDL react ion r a t e  i s ,  on the average over a 

24-hour period, 0.5 inch/hour.) 

temperature were not ava i lab le  f o r  a l l  o f  the cases. Therefore, these resu l t s  indicated 

t h a t  f u r the r  analysis o f  the RCB she l l  temperature behavior dur ing the course o f  the 

t rans ien t  was required and t h i s  analysis i s  reported i n  the next section. 

It should be noted tha t ,  w i th  the exception o f  the case where the l i n e r  

Complete t ime h i s to r i es  o f  the predicted RCB she l l  

F.6 FURTHER ANALYSES 

On May 22-23, 1978, the s t a f f  and i t s  consultants met w i t h  the FFTF Project  t o  discuss 

the issue o f  sodium-concrete reac t ion  rates.  During t h i s  meeting, the s t a f f  stated 

the pos i t i on  t h a t  a sodium-concrete reac t ion  ra te  o f  7 inchedhour f o r  the f i r s t  0.5 

hour and 1.0 inchedhour therea f te r  w i t h  no se l f - te rmina t ion  was considered an appro- 

p r i a t e  choice f o r  r e a l i s t i c  analyses o f  core meltthrough events, based on the avai lable 

data regarding mater ia ls interact ions.  Subsequent t o  t h i s  meeting, the s t a f f  performe,d 

add i t iona l  analyses considering t h i s  pos i t ion .  

. I n  pa r t i cu la r ,  the s t a f f  used the CACECO code' t o  examine the e f f e c t  o f  the t rans ien t  

fo l lowing a core melt-through event on the RCB she l l  temperature. 

were performed t o  determine whether the i n t e g r i t y  o f  the containment penetrat ion 

seals would be challenged by high temperatures (greater than 25OoF) p r i o r  t o  the t ime 

a t  which RCB venting was required before purging t o  reduce the hydrogen concentration. 

These analyses 

I n  t h i s  study, a constant sodium-concrete reac t ion  ra te  o f  1.0 inch/hour was used. 

Since the analyses discussed i n  the previous sections had ind ica ted  t h a t  there were 

essen t ia l l y  no di f ferences between the resu l t s  f o r  the case using HEOL's proposed 

var iab le  sodium-concrete reac t ion  r a t e  and a constant r a t e  o f  0.5 inch/hour whi le the 

reac t ion  was i n  progress, i t  was f e l t  t h a t  the use o f  a constant ra te  o f  1.0 inch/hour 

was j u s t i  f i ed. 

Two CACECO runs were made using Case 12 described i n  the previous sections o f  t h i s  

Appendix as a base case. 

atmospheric pressure when the RCB hydrogen concentrat ion approached 4 vol .  %. An a i r  

purge was then i n i t i a t e d  t o  maintain the hydrogen concentrat ion a t  o r  below 4 vol .  %. 
I n  the second case, the hydrogen concentrat ion l i m i t  was assumed t o  be 6 vo l .  %. 

This l a t t e r  case was run t o  determine the e f f e c t  o f  the higher concentrat ion l i m i t  on 

the vent/purge rates and RCB she l l  temperature. Figure F-12 compares the predicted 

RCB she l l  temperature f o r  these two cases and f o r  Case 12. The predicted RCB she l l  

temperatures f o r  the two vent/purge cases were as much.as 300°F-400°F higher than the 

Case 12 predict ions.  

the hydrogen concentration. 

I n  one case, i t  was assumed t h a t  the RCB was vented t o  

This was due t o  the in t roduc t ion  o f  a i r  i n t o  the RCB t o  d i l u t e  

The oxygen i n  the incoming a i r  reacted w i t h  the sodium 
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c m .  

TABLE F.2 e SUMMARY OF CACECO RESULTS 

CASE NO. 
TIME TIME RCB 

P,,- = 10 PSlG H2 CONC. = 4% 
(HOURS) (HOURS) 

MAX. RCB 
ATM. TEMP. 

( O F )  

2531.4 

1474.2 

1443.6 

148.5 

1395.4 

TIME T,,x REPRESENTATIVE TIME TsHEzL 
OCCURRED RCB SHELL TEMP. OCCURRED 

(HOURS) (" F) (HOURS) 

26.0 1287.0 41.0 

41 .O 26.0 

26.0 988.0 , 41.0 

96.1 141.0 96.0 

1000.0 

38.0 994.0 50.0 

1 

2 

3 

4 

5 

~~ 

PMAX = 9.3 PSlG 13.0 
AT 16 HRS. 

15.7 13.0 

15.7 19.8 

i i i A  PRCB = 5.8 PSlG 
A T  96 HRS. 

22.3 14.0 

PMAX = 2.7 PSlG 1 l6 I AT7;7HRS. 

6 

7 

I 

7 .O P,,x = 2.5 PSlG 
A T  7.0 HRS. 

17 

28.0 14.0 

40 .O 15.0 

1 I I 

131 2.9 

1 187.4 

448.0 

1302.2 

1197.5 

50.0 1000.0 50.0 

75.0 926 .O 75.0 

100.0 346.0 100.0 

30.0 801.0 50.0 

44.0 712.0 69.0 

I, 

I 

ul 
d 8 75.5 15.0 

9 18.1 15.9 

10 25.3 21.5 

11 43.5 27 .O 1082.0 

733.5 

I 

~ ~~ 

- 60.0 - 
75.0 576.0 75.0 12 

13 

14 

15 

~~ 

45.0 39.5 

80.0 42 .O 

>100.0 14.0 

>100.0 44.5 

252.2 

170.0 

150.0 

1479.0 

1460.0 

100.0 217.0 100.0 

75.0 149.0 75.0 

75.0 136.0 75.0 

29.0 1094.0 29.5 

28.0 1096.0 28.0 
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vapor l e a k i n g  i n t o  t h e  RCB from t h e  r e a c t o r  c a v i t y .  

BTU/lbm o f  Na) generated a s i g n i f i c a n t  amount o f  heat ,  thereby r a i s i n g  the  temperature 

o f  t he  RCB atmosphere and csus ing a subsequent increase i n  the  temperature o f  t h e  RCB 

s h e l l .  However, i n  bo th  cases, t he  RCB s h e l l  temperature d i d  n o t  exceed ZOOOF u n t i l  

a f t e r  45 hours. Since RCB ven t ing  occurred a t  about 40 hours, t h i s  meant t h a t  t he  

i n t e g r i t y  o f  t h e  RCB p e n e t r s t i o n  seals  would n o t  be chal lenged be fo re  the  RCB was 

vented. 

Th is  exothermic r e a c t i o n  (5700 

F. 7 CONCLUSIONS 

From the  r e s u l t s  o f  these analyses, t he  s t a f f  reached t h e  f o l l o w i n g  conclus ions 

rega rd ing  t h e  ex-vessel scenario: 

(1) I f  t h e  vent  pa th  f o r  water  re leased from behind the  submerged i n t a c t  c a v i t y  

l i n e r s  remains unobstructed, t h e  t i m e  requ i red  f o r  t he  RCB hydrogen concentra- 

t i o n  t o  reach a v.alue o f  4 v o l .  % (an i n d i c a t i o n  t h a t  p o s i t i v e  a c t i o n  i s  

r e q u i r e d  t o  avo id  cha l l eng ing  the  containment due t o  t h e  format ion o f  

exp los i ve  hydrogen concen t ra t i oQ)  was dependent on the  sodium-concrete 

r e a c t i o n  ra te .  

(2) The t ime  requ i red  f o r  t he  RCB pressure t o  reach the  design va lue o f  10 p s i g  

was dependent on the sodium-concrete r e a c t i o n  r a t e .  Th is  dependency was 

observed whether tor n o t  t h e  above mentioned vent  pa th  func t i oned  i n  the  

des i red  manner. 

(3) The t ime  a t  which t h e  containment cou ld  be chal lenged due t o  overpressure 

o r  format ion o f  e.rplosive concentrat ions o f  hydrogen ranged from as soon as 

7 hours t o  as l a t e  as 100+ hours, depending upon the  assumed scenar io  and 

cond i t i ons .  

(4) The proposed HEDL v a r i a b l e  sodium-concrete r e a c t i o n  r a t e  r e s u l t e d  i n  a 

p r e d i c t e d  containment t r a n s i e n t  which d i f f e r e d  o n l y  s l i g h t l y  from t h a t  f o r  

a constant  0.5 inch/hr  r e a c t i o n  r a t e  f o r  t h e  p e r i o d  when bo th  reac t i ons  

were i n  progress. 

(5) For t h e  one i n c h  pe r  hour sodium-concrete r e a c t i o n  r a t e ,  t he  p r e d i c t e d  

containment s h e l l  temperatures were w i t h i n  acceptable l i m i t s  as f a r  as the  

i n t e g r i t y  o f  t h e  containment p e n e t r a t i o n  seals  (F25OOF) p r i o r  t o  RCB ven t ing  

was concerned. 
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